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V. 

49.  Clearance  and  Compression. — In 
Figs.  7  and  8,  let  4'  2'  be  the  length  of 
stroke  of  the  piston  of  a  steam  or  hot  air 
engine;  then  4 '2'  may  be  taken  to  repre- 
sent the  volume  swept  through  by  the 
piston.  Let  o4'  be  the  volume  of  the 
clearance  on  the  same  scale,  i.e.,  the 
smallest  volume  which  can  be  enclosed 
between  the  steam  valves  and  the 
piston.  The  greatest  volume  which  can 
be  enclosed  between  the  steam  valves 
and  the  piston  is  then  o2 ',  which  is  the 
actual  volume  of  the  cylinder.  Let 
12340  be  the  ideal  indicator  card  of  the 
engine,  by  which  is  meant  such  a  card  as 
might  be  got  if  the  valves  opened  and 
closed  instantly  instead  of  gradually, 
and  they  afforded  no  resistance  to  the 
passage  of  the  steam. 
Then,  11'=^= pressure  of  admission,  or 
forward  pressure. 

"      22  '=p2= pressure   of    release,    or 
terminal  pressure. 

"      33  '=p3— pressure   of   exhaust,    or 
back  pressure. 

"      44  '=pt= pressure  of  compression, 
or  initial  pressure. 

"      ol'=50B=:  total  volume  of  steam  ex- 
panding from  pv 
"      o2'  =  z/2= total    volume    of    steam 
expanded  to  pr 
Vol.  XXL— No.  1—1 
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Then  o3'  =  u3= volume  of  cushion  steam 
at  pz. 
"      o4'  =  y  =  volume  of  clearance. 

4 

"      o5'=y5= volume  of  cushion  steam 

at/v 
"      l'5'  =  y  — v5= volume   of   working 

steam  at  px 

"      2'4'  =  y2—v4:=  stroke,   or   apparent 
volume  of  cylinder. 


vx— v 

v„—v 


4  =  apparent  cut-off  of  ex- 

4 

pansion. 

—  =   real  cut-off  of  expansion. 

v  — v 

-5 -= apparent  cut-off  of  com- 

pression. 

v 

—  =  real  cut-off  of  compression. 


—  =  real  ratio  of  expansion. 


v„ 


real  ratio  of  compression. 


In  order  to  discuss  the  effect  of  the 
clearance  upon  the  working  of  the 
engine,  we  shall  compare  this  indicator 
card  ■  with  that  of  an  engine  having  a 
cylinder  in  which  the  piston  sweeps 
through  the  same  space  during  each 
stroke,  and  uses  the  same  quantity  of 
steam  per  stroke,  but  winch  has  no 
clearance  at  all.  The  ideal  indicator 
card  of  the  cylinder  without  clearance  is 
used  as  a  standard  of  comparison,  be- 
cause clearance-space  necessarily  involves 
a  loss  of  efficiency  in  any  practical  case, 
as  may  be  seen  readily  from  the  follow- 
ing considerations,  winch  hold  in  case 
the  release  is  at  a  terminal  pressure 
pi9  greater  than  p^  the  back  pressure 
during  the  exhaust  As  shown  in  art. 
32,  the  clearance  causes  no  loss  of  effi- 
ciency when  the  expansion  is  carried  so 
far  that  the  terminal  pressure  is  the 
same  as  the  back  pressure,  but  when  the 
release  occurs  at  some  pressure  greater 
than  the  back  pressure,  as  at  pa,  then  all 
the  external  work  which  would  have 
been  performed  by  the  cushion  in  ex- 
panding from^a  to  ps  is  lost,  for  it  must 
be  expended  during  the  corresponding 
compression  from  3  to  8. 

Let  5'  6'=4'  2'  be  the  stroke  of  the 
piston  in  a   cylinder  without   clearance 


which  is  supplied  with  the  same  quantity 
of  boiler  steam  5'1'  per  stroke.  The 
ideal  indicator  card  of  no  clearance,  with 
the  given  forward  and  back  pressure,  is 
166  "5  "5,  and  this  is  the  card  which  we 
wish  to  compare  with  12340. 

It  is  to  be  noticed  that  the  line  55'  is 
that  from  which  volumes  are  to  be  com- 
puted in  the  card  with  no  clearance,  and 
hence,  the  expansion  curve  16  falls  below 
12.  Let  16  cut  the  horizontal  line 
through  2  at  same  point  7,  which  may  be 
either  at  the  right  or  left  of  6. 

Let  us  first  compare  the  part  of  the 
two  cards  which  is  above  the  horizontal 
82.  The  areas  12  7  and  5  8  10  are  equal 
because  they  respectively  represent  the 
work  of  expansion  and  of  compression  of 
the  cushion.  Hence  above  82  there  is 
work  performed  in  case  of  no  clearance 
which  is  not  performed  with  clearance  to 
an  amount  represented  by  540  in  Fig.  7, 
and  580  in  Fig.  8,  for  this  amount  is  lost 
above  82  from  the  card  with  no  clear- 
ance by  reason  of  introducing  the 
clearance.  But  it  is  of  no  conse- 
quence whether  4  is  above  or  below  82, 
there  is  a  loss  in  any  case  of  540,  since 
it  lies  outside  one  card  and  within  the 
other. 

Next  we  notice  that  below  82  the  area 
388"  is  lost  by  reason  of  clearance,  it 
being  the  work  necessary  to  compress 
the  cushion  from  p%  to  piy 

There  is  also  one  other  area  76"  which 
may  represent  either  a  loss  or  a  gain  due 
to  clearance. 

In  Fig.  7  we  have  compared  all  parts 
of  the  two  indicator  cards  except  that 
included  in  the  equal  rectangles  72"  and 
85".  The  rectangle  85"  is  lost  work  of 
compression.  The  equal  rectangle  72" 
is  work  gained  by  clearance  except  the 
bordered  area  76"  which  being  found  in 
both  cards  cannot  be  credited  to  clear- 
ance. Therefore  lay  off  894"=766"  and 
we  then  have  the  total  loss  by  reason  of 
clearance  in  Fig.  7  to  be 

«=«1  +  2,  +  2,  =  540  +  3894"  .. . .  (292) 

In  order  to  construct  84"  most  readily, 
draw  the  expansion  curve  76  in  reverse 
position  at  98,  considering  the  stroke  of 
the  piston  to  be  4'2',  as  it  really  is. 

In  Fig.  8  the  work  of  compression  58 5 " 
is  equal  to  1727",  and  there  is  a  gain  due 
to  the  clearance  of  676",  for  the  card 
with  no  clearance  extends  only  to  6.     If 
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this  area  76"  be  laid  off  under  98  at  the 
left  in  the  darkly  shaded  area,  it  is  seen 
that  this  gain  cancels  part  of  the  loss 
before  enumerated,  so  that  the  total  loss 

in  this  case  is 

a=s1+st+v=6890+34±"  •  •  •  (293) 
We  must  take  zz  positive  when  6  is  below 
82  and  negative  when  6  is  above  82. 

From  .in  algebraic  point  of  view,  (292) 
and  (293)  are  identical,  and  the  two  cases 
are  separately  figured  only  for  a  more 
complete  understanding  of  the  subject. 

In  order  to  find  the  point  3  for  the 
cut-off  of  compression  which  will  give  the 
best  efficiency  for  a  given  forward  and 
back  pressure  with  a  given  stroke  and  a 
given  cut-off  of  expansion,  it  is  neces- 
sary that  the  losses  enumerated  should 
be  a  minimum.  If  the  point  of  cut-off  3 
be  slightly  moved  to  the  right  as  is  indi- 
cated by  the  dotted  line  near  35,  it  is 
seen  that  the  loss  along  this  curve  from 
4  to  5  is  diminished  by  so  moving  it,  but 
that  that  from  3  to  8  is  increased.  It  is 
easy  to  express  the  magnitude  of  these 
increments  of  the  loss  when  we  know  the 
equations  of  the  expansion  and  compres- 
sion curves. 

As  before  remarked  near  the  end  of 
art.  46,  the  curve  of  the  rectangular 
hyperbola  is  a  sufficiently  close  approx- 
imation for  the  purposes  of  geometric 
treatment  of  the  expansion  curve  of 
steam,  and  questions  like  the  present  one 
relating  to  external  work  are  solved  in 
more  simple  tei-nis,  in  case  the  expansion 
is  thus  assumed  to  be  in  accordance  with 
Mariotte's  law,  than  in  case  we  use 
curves  theoretically  more  exact.  For 
the  present  purposes  the  assumption 
that  the  expansion  curve  is  the  rectangu- 
lar hyperbola  is  sufficiently  exact. 
Hence,  making  use  of  (272)  we  find  the 
differential  co  efficient  of  zx  with  respect 
to  v3  thus:' — the  work  of  compression 
under  45  is, 

/^>g*  -4=7Wlog«&...(294) 
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In  order  that  z  may  be  a  minimum,  (298) 
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P,  P,  ^3  «„ 

which  result  may  be  stated  in  words  by 
saying  that  the  best  adjustment  of  the 
compression  is  effected  when  the  real 
ratio  of  the  compression  is  equal  to  the 
real  ratio  of  expansion. 

This  result  may  be  expressed  in 
another  instructive  way.  The  work  of 
expansion  of  the  cushion  steam  is 

127  =  5  8  10=^  -p3v3(l-\oge^)  .  (300) 

and  the  lost  expansion  of  the  cushion  is 

**=P>V-P*Vt(l-lQgA)  •  (301) 

\  Pz' 

By  the  help  of  (299)  it  is  seen  that 
(300)  and  (301)  are  equal,  hence  the 
cut-off  is  adjusted  most  advantageously 
when  the  work  obtained  from  the  expan- 
sion of  the  cushion  is  equal  to  the  work 
of  the  cushion  lost  by  reason  of  the 
release.  These  quantities  both  vanish  in 
case  of  no  clearance.  The  proportion 
expressed  in  (299)  is  readily  constructed 
graphically,  as  shown  by  the  oblique 
lines  on  Figs.  7  and  8.  These  oblique 
lines  cut  off  distances  of  i\  and  vt  on  the 
pressure  line  p2,  and  of  v3  and  v3  on  the 
line  of  no  pressures,  such  that  va  is  the 
best  cut-off,  as  appears  by  proportion  of 
triangles.  It  is  seen  that  the  compres- 
sion is  so  adjusted  in  Fig.  7  as  to  give 
the  greatest  efficiency,  but  is  arranged 
far  otherwise  in  Fig.  8. 

If  we  designate  volumes  measured 
from  04,  (the  line  of  apparent  zero  of 
volumes)  by  primes,  we  have 

»i=»i!+**  ».=»■'  +  »*  v=v3f  +  vi.{S02) 
.-.   by  (29d)%  =  ^<-Z<)  .  .  (303) 

which  expresses  the  best  apparent  cut- 
off. The  foregoing  result  is  confessedly 
approximate,  and  may  be  modified  by 
using  a  more  exact  expansion  curve  as 
well  as  by  the  effects  of  wire  drawing, 
condensation  and  re-evaporation  in  the 
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cylinder,  but  like  all  maxima  and  minima 
determinations,  is  a  most  useful  guide  to 
assist  the  judgment  in  practical  design. 

The  approximate  area  of  the  indicator 
card  12  340  will  be  readily  found  in  case 
of  best  efficiency  to  be 

+  (P1v1-p3vz)loge  V^  .  .  .  .  (304) 

which  is  obtained  on  the  supposition  of 
hyperbolic  expansion  and  compression. 

The  preceding  discussion  was  first 
given  by  W.  Hartnell,*  and  was  after- 
wards worked  out  independently  by  J. 
Macfarlane  Gray,|  but  both  these  dis- 
cussions are  given  in  such  abbreviated 
form  and  appear  to  be  so  insufficiently 
explained  that  their  validity  seems  to 
have  been  overlooked,  although  G.  W. 
Macalpine  J  has  shown  that  Hartnell's 
results  can  be  deduced  from  Gray's. 

It  is  possible  to  conduct  the  investiga- 
tion of  the  effect  of  clearance  by  still  a 
different  method.  We  can  show  how 
the  compression  must  be  arranged  in 
order  to  get  the  greatest  external  work 
per  pound  of  steam,  with  given  clear- 
ance, given  expansion,  and  given  forward 
and  back  pressures.  Cotterell  §  has,  in 
his  valuable  treatise,  investigated  the 
problem  in  this  manner,  but  the  results, 
which  can  differ  from  those  just  obtained 
by  only  an  insignificant  amount,  are  not 
characterized  by  simplicity  of  conception 
or  expression.  An  editorial  discussion 
of  the  subject  after  this  manner  is  to  be 
found  in  Engineering,  Vol.  XIX,  p.  41, 
in  which  it  is  proposed  to  simplify  the 
practical  solution  of  the  question  by  the 
help  of  certain  auxiliary  graphical  curves. 

Theoretically  it  would  appear  that 
steam  should  be  expanded  in  the  cylin- 
der until  the  pressure  of  release  is  re- 
duced to  the  back  pressure  of  the  con- 
denser, but  this  is  far  from  being  the 
case  when  the  expansion  takes  place  in  a 
metallic  cylinder.  During  such  an  expan- 
sion the  temperature  of  the  expanding 
steam  and  the  metal  in  contact  with  it  is 
so  reduced  that  a  notable  amount  of 
boiler  steam  is  condensed  on  the  metal 
at  the  beginning  of  the  next  stroke  in 
nate   heating  and  cooling  is  a   process 

*  Engineering,  Vol.  XI,  p.  375:  London,  1871. 
t  Engineering,  Vol.  XVII,  p.  241 :  London,  1874. 
$  Engineering,  Vol.  XIX,  p.  171  :  London,  1875. 
§  Steam  Engine,  James  H.  Cotterill,  London,  1878. 


of  supplying  heat  at  a  high  temperature 
order  to  heat  the  metal,  which  heat  is 
again  restored  during  the  latter  part  of 
the  stroke  in  re-evaporation.  This  alter- 
and  restoring  it  at  a  lower  temperature, 
without  performing  the  work  which  by 
the  second  law  might  be  performed 
during  the  fall  of  temperature.  In 
order  to  limit  this  loss,  it  is  necessary  to 
restrict  the  degree  of  expansion  in  single 
cylinders  within  comparatively  narrow 
limits,  though  the  use  of  a  steam  jacket 
has  a  most  beneficial  effect  in  diminish- 
ing the  amount  of  surface  condensation. 
The  most  serious  effects  of  this  kind  are 
to  be  found  at  the  ends  of  the  cylinder, 
as  at  those  points  are  the  greatest  con- 
tinued alternations  of  temperature.  And 
especially  do  the  cylinder  heads  need 
jackets  more  than  the  sides  of  cylinder. 
No  device  has,  it  is  believed,  been  yet 
applied  to  the  piston  to  supply  it  with 
heat,  but  it  seems  quite  practicable  to 
have  the  exposed  surface  of  the  cylinder 
and  piston  heads  covered  with  some  non- 
conducting material.  Were  this  done,  I 
am  led  to  believe  that  much  more  than 
fifty  per  cent  of  the  condensation  and 
re-evaporation  would  be  obviated.  I  am 
informed  that  with  this  end  in  view, 
cylinder  heads  are  now  constructed  for 
the  best  engines  which  contain  a  layer  of 
asbestos.  The  pistons  should  be  con- 
structed in  a  similar  manner. 

50.  Compound  Engines. — Various  prac- 
tical difficulties  attend  the  use  of  steam 
at  high  pressures,  among  which,  in  addi- 
tion to  condensation  and  re-evaporation 
just  mentioned,  one  of  the  greatest  of 
these  is  due  to  the  irregularities  of 
pressure  during  the  stroke.  Steam 
admitted  at  a  high  pressure  during  one 
tenth  or  some  less  fraction  of  the  stroke, 
and  expanded  during  the  rest  of  the 
stroke,  exerts  most  of  its  energy  so  near 
the  beginning  of  the  stroke  that  the 
mechanical  effect  approximates  in  charac- 
ter to  a  sudden  blow,  or  to  an  explosion, 
which  must  be  withstood  by  correspond- 
ingly heavy  and  costly  parts. 

Compound  engines  are  designed  to 
obviate,  or  at  least  palliate,  these  two 
difficulties.  A  compound  engine  is  one 
in  which  the  boiler  steam  is  used  suc- 
cessively in  two  or  more  cylinders.  In 
Fig.  9,  if  the  expansion  is  to  be  carried 
from  1  to  5,  it  is  easily  seen  that  the  ex- 
pansion is  effected  more  advantageously 
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in  two  cylinders  than  in  one.  For  let 
1280  and  4567  be  the  indicator  cards  of 
the  high  and  low  pressure  cylinders  re- 
spectively of  a  compound  engine.  And 
let  the  first  cylinder  work  between 
the  pressures  py  and  ^>3  in  such  a  man- 
ner that  it  exhausts  at  p%  into  a  steam 
reservoir  intermediate  between  the  two 
cylinders,  while  the  second  cylinder 
works  between  the  pressure  pA  of  the 
reservoir,  which  is  a  little  lower  than  jds, 
and  the  pressure  p^  of  the  condenser.  It 
then  appears  (if  2  is  the  point  of  release 
of  the  first  cylinder)  that  the  ratio  of 
expansion  is  w2 :  vlf  and  the  cut-off  may 
then  be  so  large  a  fraction  of  the  stroke 
as  to  obviate  the  difficulties  which  would 
occur  if  the  expansion  were  vb :  v^  as  it 
would  be  in  a  single  cylinder.  The  sec- 
ond cylinder  has  its  cut-off  at  4  and  its 
expansion  is  vb :  u4  which  may  also  be  well 
within  practicable  limits.  The  difficulties 
of  condensation  and  re-evaporation  are 
partially  obviated  also,  because  in  the 
first  place  the  whole  range  of  tempera- 
ture is  divided  between  the  two  cylinders 
so  that  the  range  of  each  cylinder  is  con- 
fined between  narrower  limits;  and  in 
the  second  place  the  first  cylinder,  which 
is  comparatively  small,  may  be  alone  sub- 
jected to  the  greater  range  of  tempera- 
ture. 

It  is  quite  possible  to  expand  the 
steam  down  nearly  to  3  in  the  first  cylin- 
der, in  which  case  there  is  no  loss  from 
clearance  in  the  first  cylinder  if  the 
cushion  is  compressed  to  boiler  pressure. 
This  permits  the  valves  to  be  so  arranged 
that  there  will  be  little  or  no  loss  by 
throttling,  *.  e.  p3  and  £>4  may  be  almost 
identical.  The  only  loss  from  clearance 
will  then  be  in  the  second  cylinder.  It 
then  appears  that  the  losses  from  clear- 
ance in  a  compound  engine  can  be  made 


smaller  than  when  the  same  degree  of 
expansion  is  effected  in  a  single  cylinder. 
In  case  there  is  no  intermediate  reser- 
voir, the  steam  is  used  first  to  drive  the 
piston  of  the  small  cylinder  and  then  it 
is  admitted  into  the  second  cylinder,  and 
by  its  expansion  drives  the  piston.  Fig. 
10  rejn-esents  the  indicator  cards  1260 
and  255*2"  of  such  an  engine.  It  is 
seen  that  during  the  expansion  in  the 
second  cylinder  the  back  pressure  in  the 
first  cylinder  causes  a  very  considerable 
loss  of  work. 


Fig.  10. 


It  is  possible,  however,  so  to  arrange 
the  strokes  of  the  two  engines  as  practi- 
cally to  realize  the  theoretic  advantages 
of  a  compound  engine  having  indicator 
cards  like  those  in  Fig.  9  with  a  reservoir 
of  quite  inconsiderable  volume.  A  series 
of  valuable  papers  on  this  subject  may 
be  found  in  HJngineeriny,  Vol.  XI,  1871, 
by  Hartnell.  See  also  Mallet,*  who  has 
discussed  somewhat  at  length  the  matter 
of  condensation  and  re- evaporation. 

51.  Theoretic  Efficiency  of  Steam. — 
Disregarding  the  practical  losses  of  effi- 
ciency due  to  clearance,  to  release  at  a 
pressure  greater  than  the  back  pressure, 
and  to  the  conductivity  of  the  cylinder 
and  other  parts  composing  the  steam  en- 
gine, we  wish  to  obtain  the  efficiency  of 
steam  as  a  working  substance.  The 
losses  just  mentioned  may  be  properly 
disregarded  in  determining  the  possible 
efficiency  of  steam,  because  they  are 
merely  mechanical  difficulties  attendant 
upon  the  pattern  of  steam  engine  now  in 
use,  which  may  be  in  a  large  degree  over- 
come in  future.    But  the  nature  of  steam 

*   Compound  Engines.     A.  Mallet.      Van   Nostrand's 
Science  Series,  No.  10.    New  York,  1874. 
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itself,  as  a  working  substance,  apparently 
renders  it  impossible  that  it  can  ever  be 
employed  in  a  cycle  of  perfect  efficiency 
according  to  Carnot's  principle.  While 
this  is  undoubtedly  the  fact,  as  will  be 
presently  explained,  this  loss  of  effi- 
cieny,  which  is  inherent  in  the  nature  of 
the  substance  itself,  is  much  less  than 
has  often  been  supposed,  and  is  not  so 
great  as  to  detract  very  materially  from 
the  efficiency  possible  by  Carnot's  prin- 
ciple. 

By  art.  19,  in  the  cycle  of  greatest  effi- 
ciency all  the  heat  supplied  must  be  at 
the  highest  available  temperature,  and  all 
the  heat  rejected  must  be  at  the  lowest 
available  temperature,  while  the  passages 
from  the  highest  to  the  lowest  tempera- 
ture, or  vice  versa,  must  be  along  adia- 
batics,  i.e.,  must  be  effected  by  the  ex- 
penditure of  external  work  positively  or 
negatively. 

Now  there  are  no  difficulties  inherent 
in  steam  to  prevent  the  passage  from  the 
higher  to  the  lower  temperature  adiabat- 
ically,  or  to  prevent  the  occurrence  of  all 
the  rejection  of  heat  at  the  lowest  avail- 
able temperature,  but  it  is  impossible  to 
raise  the  temperature  of  the  feed  water 
by  mechanical  means  alone,  such  as  com- 
pression, to  the  highest  available  temper- 
ature. The  heat,  which  is  necessarily 
used  in  heating  the  feed-water  to  the 
temperature  at  which  it  is  evaporated,  is 
not  applied  in  the  most  efficient  manner 
possible;  on  the  contrary,  however,  the 
latent  heat  employed  in  effecting  the 
evaporation,  is  employed  in  the  most 
efficient  manner,  and  as  the  latter  is  so 
large  compared  with  the  former,  the  loss 
of  efficiency  is  not  so  great  as  in  fluids 
having  a  latent  heat  relatively  smaller. 
The  per  cent,  of  loss  from  this  cause  is 
greater  at  high  than  at  low  temperatures, 
but  the  loss  is  much  less  for  water  and 
its  vapor  than  for  any  other  known 
liquid  and  its  vapor;  the  corresponding 
loss  in  an  ether  engine  being  at  least  four 
times  as  great. 

In  order  to  express  the  maximum 
possible  efficiency  of  a  steam  engine,  let 
the  state  of  the  exhaust  steam  be  ex- 
pressed by  the  subscript  1  and  the  state 
in  the  boiler  by  2,  then  by  (223)  the  heat 
imparted  in  raising  a  unit  of  the  feed 
water  from  the  temperature  of  the  ex- 
haust to  that  of  the  boiler  is  c'(t2  —  t). 


Also  by  (223)  the  heat  imparted  in  evap- 
orating a  fraction  x2  of  this  unit  is  Z2cc2, 

.:.  h^fe  +  e'fo-t)  .  .  .  (305) 

is  the  total  heat  imparted  to  each  unit. 

Also  by  (223)     h^l^     ....    (306) 

is  the  total  heat  of  condensation  rejected 
after  expansion 

...  h-h  =1^-1^+0'^-^)  .  .  .  (307) 

is  the  external  work  performed  during 
the  cycle,  if  we  disregard  the  work 
required  to  pump  the  feed  water  into  the 
boiler. 

If  the  expansion  is  adiabatic,  we  have, 
by  (233), 

t  I 


L  x. 


(308) 


^-^V^A  +  ^-O] 


+  ^f^1  +  loge^)  .....  (309) 


to  +  c'fo-'i) 


(310) 

The  last  term  of  (310)  is  essentially 
negative,  for  the  denomenator  is  positive 
and  the  numerator  is  negative  as  appears 
by  expanding  the  expression  in  the  pa- 
renthesis into  a  series,  by  the  well  known 
formula 

t  Y 
i;-&c.(311) 


t,    +LOgt,  *■ 


in  which  all  the  terms  of  the  expansion 
are  negative. 

Hence  the  last  term  of  (310)  expresses 
the  necessary  loss  of  efficiency  in  using 
steam  as  a  working  substance.  The  loss 
is  least  when  the  evaporation  is  complete, 
i.e.,  when  a?2=l;  and,  though  the  real 
efficiency  of  steam  or  of  any  other  work- 
ing substance,  is  increased  by  increasing 
K  ~  ^  ye*j  as  has  been  before  remarked, 
the  loss  is  a  larger  per  cent,  of  the  effi- 
ciency when  the  range  of  temperature 
£2  -  tt  is  large  than  when  it  is  small. 

Were  it  possible  to  use  steam  with- 
out condensation  in  the  same  manner  as 
a  gas,  the  loss  of  efficiency  which  has 
been  discussed  would  not  occur. 
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.V2.  K\i>LosivK  (i\^  Engines. — The  in- 
creasing importance  of  engines  of  this 
kind,  and  the  paucity,  not  to  say  the  en- 
tire Lack  of  any  sufficient  treatment  of 
the  theory  of  them,  leads  ns,  in  conclud- 
ing these  thermodynamic  discussions,  to 
sent  that  theory  in  outline,  and  to 
make  a  few  remarks  upon  the  relations 
involved. 

The  explosive  mixture  introduced  into 
the  cylinder  may  be  regarded  from  a 
physical  point  of  view  as  a  perfect  gas, 
and  by  the  explosion,  a  large  amount  of 
heat  is  suddenly  imparted  to  it  in  the 
most  effective  manner,  as  appears  from 
the  fact  that  this  heat  is  necessarily  dis- 
tributed throughout  the  entire  mass  of 
the  gas.  The  product  of  the  explosion 
may  also  be  regarded  as  very  approxi- 
mately a  perfect  gas,  though  indeed  part 
of  the  product  is  highly  superheated 
steam  or  steam  gas. 

In  order  to  compute  the  amount  of  j 
heat  evolved  by  the  explosion  it  is  nee- ; 
essary  to  have  regard   to   the   chemical 
composition   of    the   explosive   gas   em- 
ployed, which   is   ordinary  illuminating : 

The  composition  of  illuminating  gas  is 
very  variable ;  its  principal  constituents 
are  hydrogen  and  marsh  gas,  but  it  con- 
tains besides,  small  quantities  of  olefient 
gas  and  carbonic  oxide,  together  with 
useless  admixtures  of  carbonic  acid  gas 
and  air.  The  least  valuable  gas  for  heat- 
ing purposes  which  is  delivered  to  con- 
sumers, may  be  taken  to  consist  per 
cubic  foot  of  the  following  proportions : 


ure  has  a  volume  of  179  cu.  it.  Hence, 
if  the  atmospheric  pressure  is  '2110  lbs. 
per  sq.  ft.  it  has  performed  a  work  of 
compression  =2116x89.5=190000.  ft. 
lbs.  nearly  =310  thermal  units  nearly, 
which  quantity  maybe  disregarded  in  its 
effect  upon  the  total  heat  of  combustion 
=  62000  thermal  units.  The  heat  of 
combustion  of  1  lb.  =22  cu.  ft.  of  marsh 
gas  may  be  taken  at  27000  thermal  units. 
We  therefore  obtain  for  the  number  of 
thermal  units  of  combustion  of  the  com- 
ponents of  1  cu.  ft.  of  illuminating  gas  : 


179 
22 


0.4 
0.4 


62000 
27000 


139  nearly. 
491      " 


Total 630 


"     ther- 
mal units. 


Hydrogen,  (H) 
Marsh  Gas,  (H4C) 
Incombustibles, 


0.4  cu.  ft. 

0.4  "     " 
0.2   "     " 


1  pound  of  hydrogen  ( =  179  cubic 
feet  nearly  at  atmospheric  pressure) 
evolves  when  burned  in  the  atmosphere 
from  62000.  to  62500.  units  of  heat, 
i.  e.,  it  will  increase  the  temperature  of 
62000  lbs.  of  water  IF.  But  the  steam 
gas  which  is  the  product  of  combustion 
has  a  molecular  volume  of  only  two- 
thirds  that  of  the  gases  which  enter  into 
imposition,  hence  the  heat  evolved 
consists  partly  of  external  work  done  by 
the  atmosphere.  Each  lb.  (  =  179  cu.  ft.) 
of  hydrogen  is  combined  with  8  lbs.  (  = 
89.5  cu.  ft.)  of  oxygen  to  form  steam  gas 
which  at  the  same  temperature  and  press- 


Rankine,  on  p.  447  of  his  Steam  En- 
gine has  given  the  results  of  certain  com- 
putations as  to  the  heat  liberated  in  the 
explosion  of  such  a  mixture,  from  wrhich 
it  appears  that  he  assumed  the  total  heat 
of  explosion  to  be  about  660  thermal 
units,  i.  e„  the  0.2  cu.  ft.  which  has  been 
above  assumed  to  be  incombustible  was, 
in  the  gas  he  employed,  partly  combus- 
tible. 

On  p.  152  of  Van  Nostrand's  Maga- 
zine for  February,  1879,*  it  is  stated  that 
6000  calories  is  the  heat  generated  by 
the  combustion  of  1  cu.  meter  of  illumin- 
ating gas,  which  reduced  to  English 
measure  gives  about  674  thermal  units  as 
the  number  sought. 

It  is  seen  that  a  larger  proportion  of 
marsh  gas,  and  a  smaller  proportion  of 
hydrogen  would  increase  the  total  heat 
of  combustion  per  cubic  foot. 

In  order  to  compute  how  much  air 
must  be  mixed  with  illuminating  gas  in 
order  to  effect  its  complete  combustion, 
we  notice  that  each  cubic  foot  of  hydro- 
gen requires  0.5  cu.  ft.  of  oxygen  or 
about  2.5x0.5  =1.25  cu.  ft.  of  air;  and 
each  cu.  ft.  of  marsh  gas  requires  2  cu. 
ft.  of  oxygen  or  about  2.5x2  =  5  cu.  ft. 
of  air,  hence  1  cu.  ft.  of  illuminating 
gas  consisting  0.4  cu.  ft.  of  hydrogen 
and  0.4  cu.  ft.  of  marsh  gas  requires 
2.5  cu.  ft.  of  air  for  its  complete  combus- 
tion. This  combustion  in  a  gas  engine 
would  not  occur  completely  without  the 
presence  of  an  excess  of  air,  owTing  to 
the  difficulty  of  thoroughly  mixing  the 

♦Gas  Engines  at  the  Paris  Exposition,  by  M.  Armen- 
gaud,  Jr. 
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gases  in  the  limited  time  between  admis- 
sion and  explosion.  It  is  customary  to 
admit  8  cu.  ft.  of  air  to  1  cu.  ft.  of  illu- 
minating gas,  and  in  some  cases  a  still 
larger  quantity. 

If  we  take  the  weight  of  1  cu.  ft.  of 
illuminating  gas,  and  8  cu.  ft.  of  air  with 
which  it  is  mixed  at  0.71  lbs.,  and  con- 
sider the  specific  heat  at  constant  vol- 
ume of  the  products  of  combustion  to 
be  0.2  thermal  units,  we  find  that  were 
the  explosion  to  take  place  in  a  confined 
space  the  temperature  would  be  raised 
by  the  heat  liberated  by  more  than  4500° 
F.  The  specific  heat  of  steam  at  con- 
stant volume  is  0.37,  and  that  of  the 
other  gases  is  about  0.17.  The  steam  is 
so  small  a  part  of  the  whole  weight  that 
the  average  specific  heat  does  not  exceed 
0.2,  as  assumed  above. 

Suppose  that  the  mixture  were  ex- 
ploded at  an  initial  temperature  of 

39°F.,     or     ^=461°  +  39o  =  500°, 

and  at  an  initial  pressure  px  equal  to 
atmospheric  pressure  in  a  vessel  of  con- 
stant volume  vx—v2,  then  by  Gay  Lus- 
sac's  law,  since  the  final  temperature  is 

4500°F.,    or    «a=4500°  + 500=5000. 

vt         5000        in  -f 

'•=i£*= W*=iqp>  •  (312) 

from  which  it  appears  that  the  final  press- 
ure is  ten  atmospheres. 

Again  let  us  suppose  a  slightly  differ- 
ent case.  Let  the  explosive  mixture  be 
compressed  before  explosion  to  half  the 
volume  it  occupied  at  atmospheric  press- 
ure, and  in  a  hot  cylinder,  so  that  its 
pressure  rises  by  reason  of  the  compres- 
sion and  heat  received  from  the  cylinder 
from  1  up  to  3  atmospheres,  and  its 
temperature  then  rises  from  39  °F.  to 
289 °F.  If  the  explosion  then  take  place 
at  a  fixed  volume  we  find  as  before 


vt 


2    1 


4500  +  750 


750 

from  which,    since    pl 


p=lPl    .    (313) 


3  atmospheres, 
we  see  that  the  final  pressure  is  21  at- 
mospheres. 

Since  the  foregoing  computations  are 
based  upon  so  low  an  estimate  of  the 
heating  power  of  gas,  the  pressures  and 
temperatures  obtained  are  likely  to  be 
too  small. 

Were   it   possible  to  employ  a  range 


temperature  of  4500 CF.,  according  to  the 
last  supposition,  we  could  obtain  the  effi- 
ciency according  to  Carnot's  principle, 

t-t  1_4500_6 
f-~72     -5250~7     *     *     (6L^ 

If  the  total  heat  of  combustion  is  630 
then  630  x-?-=540  as  the  available  heat 
per  cu.  ft.  of  illuminating  gas.  One- 
horse  power  per  hour =1980000  ft.  lbs. 
of  work=2565  thermal  units;  hence,  4.75 
cu.  ft.  of  gas  would,  by  its  combustion, 
furnish  an  available  horse  power  of  work. 
Computations  similar  to  these  can  be 
readily  made  for  mixtures  containing 
quantities  of  air  either  more  or  less  than 
eight  times  that  of  the  illuminating  gas. 
Greater  proportions  of  air  will  involve 
lower  pressures  and  temperatures  after 
explosion,  and  vice  versa. 

The  foregoing  will  furnish  a  basis  for 
the  following  discussion  of  an  actual 
engine. 

53.  The  Otto  Gas  Engine. — In  this 
form  of  gas  engine,  the  explosive  mix- 
ture is  drawn  into  the  cylinder  at  about 
atmospheric  pressure,  and  is  then  com- 
pressed by  the  piston  to  f  of  its  initial 
volume.  The  piston  sweeps  through 
only  f  of  the  total  volume  of  the  cylinder, 
leaving  a  clearance  of  -f  its  volume.  The 
volume  of  the  gases  is  not  strictly  con- 
stant during  the  explosion  (winch  takes 
place  immediately  after  compression,  but 
the  piston  sweeps  over,  at  most,  \  of  its 
return  stroke  before  the  end  of  the  com- 
bustion, so  that  the  total  volume  occu- 
pied by  the  products  of  combustion  at 
the  instant  of  its  conclusion  is  approxi- 
mately !+£xf=J  the  total  volume  of 
the  cylinder.  This  result  appears  at 
once  from  the  indicator  cards  of  the  en- 
gine, which  are  in  general  form  like  that 
enclosed  by  the  area  55' '43  Fig.  10  in 
which  the  compression  takes  place  along 
5 "4,  the  explosion  along  43  and  the  ex- 
pansion along  35. 

In  this  engine  the  cylinder  is  sur- 
rounded by  a  jacket  of  cold  water  which 
causes  the  expansion  curve  35  to  fall 
more  rapidly  than  that  of  the  adiabatic 
for  perfect  gases,  for  heat  is  rejected 
along  35. 

The  indicator  cards  to  which  I  have 
access  have  an  expansion  curve  whose 
equation  is  very  exactly 


8  8 

pv's=p1v* 


(315) 
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in   this   engine   r»=1.6  while  in   the 
adjabatic  for  perfect  gases  n=1.4.     The 

compression  curve  5"4  may  also  be  taken 
to  have  tlie  same  equation,  hence  the  ex- 
ternal work  performed  during  the  expan- 
sion, and  that  expended  during  compres- 
sion, may  be  readily  found  by  (272)  and 
(315).  The  value  of  ?i  given  above  will 
be  modified  by  the  temperature  of  the 
water  in  the  jacket  and  the  thickness  of 
the  jacket. 

In  the  indicator  cards  taken  from  this 
engine  the  pressures  at  3,  the  end  of  the 
explosion,  ranged  from  10  to  16  atmos- 
pheres absolute  in  different  cards,  while 
the  pressures  at  4  the  beginning  of  the 
explosion  was  about  3  atmospheres  ab- 
solute. 

These  results  show  according  to  the 
computations  made  in  the  last  article, 
that  explosive  compound  employed  did 
not  contain  quite  so  large  a  proportion 
as  1  of  gas  to  8  of  air.  It  appears  to  be 
necessary  to  cool  the  cylinder,  for  the 
intense  heat  of  the  combustion  would 
otherwise  destroy  it,  but  the  mass  of  the 
heated  gas  does  not  come  in  contact  with 
the  walls  of  the  cylinder,  hence,  as  gas  is 
an  imperfect  conductor,  only  a  part  of  its 
heat  is  imparted  to  the  cylinder. 

It  is  seen  that  this  engine  approximates 
in  its  cycle  to  that  of  Stirling's  air  engine 
without  a  regenerator,  as  given  in  art. 


3G.  The  greatest  possibly  efficiency  of 
Buch  a  cycle  is  that  of  perfect  engine 
working  between  the  temperatures  of  the 

beginning  and  the  end  of  the  expansion. 
We  have  computed  the  temperature  of 
the  beginning  of  the  expansion  as  some 
5000°  absolute.  The  release  apparently 
occurs  on  the  indicator  cards  at  3  or  4 
atmospheres  absolute,  which  by  Gay 
Lussac's  law  would  give  1500°  to  2000° 
absolute  as  the  temperature  at  the  end  of 
the  expansion.  The  possible  efficiency 
between  these  limits  of  temperature  is 
from  £=0.7  to  £=0.6,  which  corresponds 
to  a  consumption  of  illuminating  gas  per 
horse  power  per  horn-,  of  from  5.8  cu.  ft. 
to  6.8  cu.  ft.  nearly.  The  Otto  engine 
actually  uses  20  cu.  ft.  and  upwards  per 
horse  power  per  hour,  so  that  apparently 
two-thirds  of  the  available  heat  of  com- 
bustion is  wasted  by  the  jacket  and  by 
other  losses  incident  to  the  employment 
of  these  excessive  temperatures. 

One  of  the  principal  mechanical  diffi- 
culties of  this  kind  of  engine  is  the 
shock  at  the  beginning  of  the  stroke,  but 
it  would  seem  possible  to  alleviate  its 
difficulties  in  the  same  manner  as  those 
of  high  steam  at  great  expansions  by  the 
use  of  compound  cylinders,  so  that  the 
expansion  could  occur  partly  in  each,  as 
explained  in  art.  50.  It  is  not  known 
that  this  has  ever  been  practically  tested. 


NOTES  ON  A  WATER-COLUMN  AIR-COMPRESSOR. 

By  LOUIS  BRUNIN. 
Translated  from  "Revue  Universelle  des  Mines"  for  Van  Nostrand's  Magazine. 


It  is  well  known  that  in  mines  that  the 
streams  of  water  which  flow  in  upon  the 
higher  and  abandoned  levels  are  gener- 
ally allowed  to  fall  to  the  lower  levels, 
from  which  the  water  is  pumped  to  the 
surface.  The  inventor  of  the  apparatus 
about  to  be  described  proposes  to  solve 
the  problem  of  utilizing  the  power  lost 
by  this  fall,  and  to  apply  the  energy  to 
the  compression  of  air. 

The  principle  of  the  machine  is  exceed- 
ingly simple.  It  consists  in  compressing 
the  air  in  a  closed  cylinder  by  direct  press- 
ure of  the  water,  which  is  also  admitted. 
The  work  of  compression  is  necessarily 


divided  into  two  quite  distinct  periods; 
the  first  or  compression  period,  during 
which  the  water  enters  and  compresses 
the  air;  the  second  or  exhaust  period, 
during  which  the  water,  having  done  its 
work,  flows  out. 

The  compressor  consists  essentially  of 
a  reservoir,  in  the  form  of  a  wrought  iron 
cylinder  placed  vertically,  and  furnished 
also  with  ends  of  the  same  metal.  Two 
double-seat  valves,  A  and  B,  having  open- 
ings of  unequal  diameter,  serve,  one  to 
admit  the  water  during  the  first  period, 
the  other  to  discharge  it  during  the 
second. 
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Two  valves,  K  and  L,  working  inverse- 
ly to  each  other,  serve  to  pass  the  com- 
pressed air  to  a  special  holder,  and  to 
admit,  at  the  proper  time,  a  fresh  supply 
at  the  ordinary  atmospheric  pressure. 


K    j    J  7 


Fig.  I. 


At  the  middle  G  of  a  shaft  00'  turn- 
ing freely  in  bearings  at  O  and  O',  is  at- 
tached a  lever,  GE,  supporting,  by  means 
of  a  rod,  a  counterpoise  P,  formed  of  a 
hollow  cylinder.  The  specific  gravity  of 
this  cylinder  is  J,  water  being  unity. 

To  the  lower  side  of  this  weight  is  a 
rod  terminating  below  in  a  piston,  which 
works  in  a  cylinder,  S. 

The  shaft  00'  carries  two  arms  or  tap- 
pets, which  work  the  valves  A  and  B  by 
means  of  the  rods  AC  and  BD. 

A  little  above  the  shaft  00 ',  and  in  the 
same  vertical  plane  as  the  lever  GE,  is  a 
balance  XY,  of  equal  arms,  each  support- 
ing a  hollow  hemispherical  cup,  M  and  N, 
attached  to  the  rods  XM  and  YN.  The 
cujos  balance  when  both  are  in  the  air.  * 

The  action  of  the  parts  above  described, 
under  the  influence  of  alternate  immer- 
sion in  water  and  air,  determines  auto- 
matically the  admission  and  outflow  of 
air  and  water  from  the  compressor.  At 
the  beginning  of  the  compression  period 
the  apparatus  being  filled  with  air  at  at- 
mospheric pressure,  the  counterpoise  de- 


scends, opening  the  inlet  valve  A,  and 
closing  the  outlet  B. 

The  water  enters  the  reservoir  with  a 
velocity  depending  on  its  head,  and 
tends  to  immerse  the  counterpoise  P ;  its 
specific  weight  being  only  ^,  when  en- 
tirely covered  by  water,  its  buoyancy 
would  be  equal  to  its  weight,  or  in  other 
words,  it  is  urged  upwards  when  im- 
mersed by  a  force  equal  to  its  weight. 

The  tendency  of  the  weight  to  ascend 
is  stayed  during  the  period  of  compres- 
sion, by  the  balance  XY,  on  the  lower 
side  of  which  a  tooth  r,  is  held  by  a  stop 
firmly  fixed  to  the  lever  GE,  as  shown  in 
Fig.  1. 

At  the  beginning  of  the  period  of  com- 
pression, while  the  weight  P  occupies  the 
lowest  position,  the  water  in  rising  raises 
the  cup  N,  whose  weight  is  diminished  by 
the  weight  of  the  displaced  water;  by 
this  movement  the  tooth  r  is  brought  to 
the  left  of  the  stop  of  the  lever  GE. 

As  the  water  rises  it  compresses  the 
air  till  the  cup  M  is  immersed ;  this  being 
raised  by  the  buoyancy  of  the  entrapped 
air  (the  cup  being  inverted),  the  tooth  r 
is  carried  by  the  stop,  and  the  lever  GE 
is  free  to  rise. 


Fig.  2. 


At  this  moment  commences  the  second 
period — that  of  the  exhaust.  The  coun- 
terpoise P  obeys  the  force  which  tends 
to  raise  it  (which  is  just  equal  to  its 
weight  in  air),  and  by  this  movement 
closes  the  inlet  valve  A  and  opens  the 
outlet  B. 

Soon  after  the  escape  of  the  water  be- 
gins, when  the  surface  of  the  water  has 
fallen  below  the  cup  M,  the  latter  being 
in  the  air  will  overbalance  N,  which  is 
still  immersed,  and  the  balance-beam  will 
assume  the  position  which  it  had  during 
the  period  of  compression,  only  the  tooth 
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r  will  be  to  the  right  of  the  stop  oil  the 
arm  GE. 

The  level  of  the  water  continuing  to 
descend  in  the  compressor,  it  will  hap- 
pen that  as  soon  as  it  is  below  the  coun- 
terpoise P,  the  latter  will  recover  its  ten- 
dency to  fall,  but  it  is  now  prevented  by 
the  resistance  of  the  tooth  r,  which  op- 
poses such  movement  during  the  whole 
period  of  outflow. 

When  the  compressor  is  so  far  emptied 
that  the  cup  X  is  above  the  surface,  a  new 
motion  of  the  balance-beam  is  caused, 
for  the  cup  N  being  full  of  water,  it  over- 
balances Bf,  and  descends.  The  coun- 
terpoise P,  being  no  longer  restrained, 
descends  by  virtue  of  its  weight  and  as- 
sumes the  position  it  held  at  the  com- 
mencement of  the  first  period.  This 
movement  at  the  same  time  causes  the 
closing  of  the  valve  B  and  the  opening  of 
A.  This  commences  a  new  period  of 
compression,  and  the  movements  of  the 
different  organs  is  repeated,  as  given 
above. 
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As  soon  as  N  is  so  nearly  immersed  as 
to  allow  M  to  overbalance  it,  the  arm  XY 
takes  such  a  position  that  the  tooth  r  is 
to  the  left  of  the  stop,  and  this  prevents 
any  unseasonable  movement  of  the  coun- 
terpoise P  during  the  period  of  com- 
pression. 

It  was  remarked  in  the  beginning  that 
the  valves  A  and  B  were  double-seated, 
and  that  the  two  openings  of  each  valve 
were  unequal.  This  adjustment  is  ne- 
cessary to  avoid  the  escape  of  the  water 
by  B  during  compression,  or  by  the  valve 
A  during  the  exhaust.  To  effect  this  the 
lower  seat  of  the  valve  A  presents  a  little 


more  surface  than  the  upper.     In  B  the 
upper  is  the  larger  one. 

The  above  description  will  suffice  to 
convey  an  idea  of  the  special  advantages 
of  this  machine,  as  well  as  of  its  remark- 
able simplicity.  It  requires  no  superin- 
tendence, and  the  dimensions  required 
are  such  as  to  adapt  it  to  all  the  nee* 
ties  of  exploitation. 

Fig.  4  shows  an  arrangement  of  com- 
pressors connected  in  a  vertical  series. 
The  distances  between  them  vary  accord- 
ing to  the  tension  required  in  the  com- 
pressed air.  The  reservoir  for  the  com- 
pressed air  is  preferably  located  on  the 
surface,  on  account  of  its  size. 

The  heating  of  the  air  during  compres- 
sion is  easily  controlled  by  a  spray  of 
water. 

Mariotte's  law  enables  us  to  determine 
the  time  necessary  for  each  period  of 
compression  and  exhaustion,  and  conse- 
quently the  volume  of  compressed  air  at 
a  given  tension,  which  can  be  furnished- 
by  a  machine  of  given  size. 

Let  D= interior    diameter   of    the   com- 
pressor. 

1= height  of  the  compressor. 

S=area  of  cross  section  =  -r-. 

4 

d=  diameter  of  inlet  and  outlet 
valves. 

s= effective  area  of  these  valves  at 

nd2 
the  moment  of  equilibriums 

h = height  of  the  water  column. 

y= a  certain  height  attained  by  the 
water  in  the  compressor  during 
compression. 

T=time  necessary  to  produce  equi- 
librium. 

<=tmie  necessary  for  outflow. 

P= height  of  water  column  which 
balances  atmospheric  pressure 
=  10.m33. 

Then  y+-±J—=/i 

i-y 

whence     y  =  -t-  ±  |/(^l0 "  +  p  h      (1 ) 

This  gives  the  value  of  y  in  terms  of  h. 

Now,  if  v  represent  the  velocity  of  the 
inflow  of  water  during  the  first  period, 
and  clt  the  element  of  the  time,  we  shall 
have : 
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Besttvoir 


*■' 


So-"* 


Fig.  4-1 


svdt=$dy    and    v—y2gih——-\ 

using  the  value  of  y  for  the  height. 

Substituting  in  the  first  of  these  equa- 
tions the  value  of  v,  taken  from  the  second, 
we  have: 


S 


dy^/i-y 


dt~  V2Ta  x  ^_yji 

ft 


s 


T=7^ 


whence 


(2) 


h 


By  substituting  w  for  v^- y,  integrat- 
ing and  replacing  u  by  its  value,  we  get 

V  l-y—x 


4W(^-,+^-</-?) 

which  substituted  in  eq.  2,  gives  the  time 
T  necessary  to  establish  equilibrium  in 
the  compressor. 

The  time  necessary  for  the  outflow  is 
given  by  the  equation 


(3) 


To  apply  the  above  equations  let 
h =30  metres,  and  giving  dimensions  to 
the  apparatus  which  the  inventor  con- 
siders proper,  we  may  let 

1=2  metres, 

D=1.2  metres, 

and  d=0.10     " 

from  which  we  get 

S  =  l.m13097, 
s=-0.00785, 

and  the  equations  (1),  (2)  and  (3)  will.give 

y=za=l.m28, 

T  =  12."430572, 

£=92". 

A  single  compressor  will  furnish  then, 
per  hour  a  volume  V  of  compressed  air 
at  a  tension  of  3  atmospheres. 

V= nTTi —  —28  cu.  metres, 

J-  T  * 
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an  amount  which  may  be  doubled,  as  the 
preceding  calculations  have  been  based 
upon  single  valves  only. 

We  mav  calculate  the  coefficient  of  use- 
ful effect  0. 

Let  W  =  total   theoretical   work    of    the 
motor, 
W'=  total   theoretical  work   of   the 
resistances, 

n=~So.  of  atmospheres  pressure  cor- 
responding to  h, 

P  =  10  ™33  as  before, 
we  shall  have 


W  __PV(l  +  yn)_l  +  y» 
W":        PV*i         "      n 

which  gives  for  »=3  atm.  C=0.699, 
m=4  "  0=0.596, 
n  =  5     "     0=0.521. 

The  theoretical  useful  effect  is  nearly 
70  per  cent.,  when  the  pressure  is  only  3 
atmospheres,  and  amounts  to  52  per  cent, 
when  the  compression  is  pushed  to  5  at- 
mospheres. The  real  results  of  the  ap- 
paratus already  made  are  not  known,  but 
it  seems  reasonable  to  expect  a  near  ap- 
proach to  these  values,  by  reason  of  the 
insignificant  character  of  the  resistances. 


THE     INOXIDATION     OF    IRON,     AND     THE     COATING 
METALS  AND  OTHER  SURFACES  WITH  PLATINUM, 
BY  THE  PROCESSES  OF  MONS.  DODfi. 


OF 


By  L.  M.  STOFFEL,  C.  E. 
From  "  Journal  of  the  Society  of  Arts." 


The  origin  of  the  patented  processes, 
about  to  be  described,  for  the  inoxida- 
tion  of  iron,  the  enamelling  of  metals, 
and  the  platinum  coating  of  metals, 
arose,  incidentally,  out  of  the  researches 
in  which  M.  Dode  had  long  been  en- 
gaged, for  the  application  of  chloride  of 
platinum  to  the  silvering  of  glass,  in  a 
form  that  should  supersede  the  deleteri- 
ous mercurial  processes  in  common  use. 

Although  the  title  of  the  present 
paper  contains  reference  to  the  platinis- 
ing of  glass  and  other  substances,  it  is 
intended,  on  tins  occasion,  solely  to  con- 
fine the  description  of  M.  Dode's  inven- 
tions to  their  application  to  metal 
surfaces.  At  some  later  period  an 
opportunity  may  be  afforded  of  treating, 
in  another  paper,  the  bearing  of  two  of 
the  processes  concerned  in  the  treatment 
of  glass,  whether  in  the  form  of  sheets 
or  tubes,  or  of  blown  or  moulded  objects, 
and  also  of  ceramic  ware. 

The  problem  of  the  inoxidation  of  iron, 
or,  in  other  words,  of  the  permanent 
preservation  of  that  most  useful  of 
metals  from  the  attacks  of  rust,  has  long 
occupied  attention.  The  possible  utili- 
zation for  this  purpose  of  platinum — a 
metal  possessing  the  qualities  of  being 
entirely      unaffected     by      atmospheric 


changes — has  not  escaped  research. 
Nevertheless,  none  of  the  attempts 
hitherto  made  in  this  direction  can  be 
said  to  have  led  to  a  practical  result,  or 
one  applicable  to  manufacturing  pur- 
poses. The  two  latest  of  these,  namely, 
those  of  Professor  Barff  and  Mr.  Bower, 
depend  upon  the  production  of  a  superfi- 
cial coating  of  magnetic  oxide;  and, 
however  excellent  in  their  way,  can 
scarcely  be  termed  ornamental.  "When 
any  other  color  than  bluish-grey  is  re- 
quired, they  are  inapplicable,  and  the 
material  has  to  be  painted  in  the  ordin- 
ary way. 

Hitherto,  the  rendering  of  metallic 
objects  impermeable  to  rust,  has  been 
partially  accomplished  by  means  of 
electro-plating — a  lengthy,  costly  and  in 
many  cases  inapplicable  method.  Iron, 
for  instance,  cannot  be  electro-silvered 
without  an  intermediate  coating  of  cop- 
per. Moreover,  cast  iron  articles  2^>laced 
in  an  acid  bath,  as  a  preparatory  step  to 
being  subjected  to  galvanic  action,  have 
their  fibre  irretrievably  deteriorated. 
The  first  action  of  the  acids  einplo}7ed  in 
the  ordinary  galvanic  process  is  actually 
to  form  a  coating  of  the  objectionable 
oxide  or  rust  upon  the  surface  treated. 
On  this  the  metal  to  be  applied  deposits 
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itself.  But  the  layer  of  oxide  beneath 
the  outer  covering  of  metal  is  never 
entirely  got  rid  of.  It  is  always  liable 
to  affect  the  outer  surface  of  the  object 
coated,  as  may  be  frequently  observed  in 
galvanized  iron,  and  in  all  cases  the  coat- 
ing of  deposited  metal  has  to  be  of  a 
sufficient  thickness  to  counteract  the 
spontaneous  oxidation  primarily  due  to 
the  acid  used  in  the  galvanic  process. 

It  seems  to  have  been  reserved  for 
M.  Dode,  a  French  chemist  of  repute, 
whose  family  have  for  several  genera- 
tions actively  devoted  themselves  to 
metallurgical  research,  to  perfect  and 
patent  processes  successfully  solving  the 
two-fold  problem  of  the  inoxidation  of 
iron  and  the  application  of  platinum  to 
its  surface  in  a  practicable  and  inexpens- 
ive manner. 

The  first  process,  "  inoxidation  of 
iron,"  consists  in  coating,  either  by 
means  of  a  bath  or  a  brush,  any  objects 
in  cast  or  wrought  iron  (freed  from  the 
damp  they  may  contain)  with  a  composi- 
tion consisting  of  borate  of  lead,  oxide 
of  copper,  and  spirits  of  turpentine. 
This  application  soon  dries  on  the  sur- 
face of  the  iron,  and  the  objects  are  then 
passed  through  a  furnace,  which  is 
heated  from  500°  to  700°  Fahr.,  accord- 
ing to  the  thickness  of  the  articles  under 
treatment,  so  as  to  bring  them  to  a 
cherry  heat  when  passing  through  the 
center  of  the  furnace.  At  this  point,  the 
fusion  of  the  metallic  pigment  takes 
place;  it  enters  the  pores  of  the  iron, 
and  becomes  homogeneously  adherent 
thereto;  covering  the  objects  with  a 
dark  color,  not  liable  to  change  through 
atmospheric,  gaseous,  alkaline  or  other 
influences,  nor  to  disintegrate  from  the 
surfaces  to  which  it  has  been  applied. 
"When  any  considerable  depth  of  inoxida- 
tion is  desired,  the  object  may  be  im- 
mersed in  the  composition  for  the  time 
requisite  to  absorb  a  sufficient  quantity 
thereof.  Corrugated  iron  may  be  treated 
by  means  of  the  above  described  coating, 
which  supersedes  galvanizing,  is  of  lesser 
cost,  and  is  produceable  in  several  hues 
of  dark  color.  This  first  process  wholly 
supersedes  painting  and  varnishing,  and 
metallic  objects  thus  treated  are  ren- 
dered impervious  to  rust,  and  hence  are 
of  much  greater  durability.  The  cost  of 
application  is  computed  at  an  average  of 
^d.  per  superficial  square  foot. 


The  second  process,  "  enameling  of 
metals,"  consists  in  a  repetition  of  the 
coating  operation,  but  with  a  pigment 
differing  from  that  above  described,  and 
having  for  its  object  the  production  of  a 
smooth  polished  surface,  such  as  is  ob- 
tained with  thick  enamels.  This  pig- 
ment, which  is  composed  of  borate  of 
lead,  litharge  and  essence  of  lavender, 
may  be  applied  directly  upon  metal,  and 
it  renders  iron  also  inoxidizable,  although 
not  to  such  a  degree  of  perfection  as 
when  preceded  by  the  first  process.  Its 
object  is  to  supersede  enamels,  which  it 
does  most  advantageously,  with  respect 
to  cost  and  durability,  while  furnishing  a 
smooth  and  even  surface  for  receiving 
and  effectually  protecting  the  subsequent 
economical  application  of  platinum  or 
gold  to  articles  thus  treated.  An  extens- 
ive variety  of  colored  enamels  may  be 
produced,  separately  or  in  combination. 
The  cost  of  this  process  is  computed  at 
Id.  to  ljd.  per  square  foot  superficial. 

The  third  process,  "platinum  coating 
of  metals,"  is  applicable  to  both  of  the 
inoxidating  and  the  enameling  processes, 
but  with  this  difference  of  result: — In 
the  first  case  the  platinum  yields  the 
appearance  of  dull  silver,  and  in  the 
second  it  resembles  this  metal  so  highly 
burnished  as  to  render  any  subsequent 
polishing  wholly  unnecessary.  The  dry 
chloride  of  platinum  dissolved  in  ether, 
and  held  in  solution  by  essential  oils,  is 
simply  applied  by  means  of  a  painter's 
brush  or  a  bath,  according  to  the  orna- 
mental effects  desired,  and  by  the  simple 
aid  of  heat  sufficient  to  cause  the  evapor- 
ation of  the  medium  which  holds  the 
platinum  in  solution,  a  heat  not  exceed- 
ing 350  to  400°  Fahr.,  the  platinum 
becomes  incorporated  with  the  inoxi- 
dated  surfaces.  The  result  is,  that  a 
relatively  infinitesimal  portion  of  platin- 
um suffices  to  coat  a  considerable  sur- 
face ;  while  this  metal,  being  unaffected 
by  atmospheric  variations  or  by  -the 
products  of  combustion  of  gas,  objects 
treated  by  M.  Dode's  inventions  are 
rendered  unalterable  by  exposure,  or  by 
ordinary  wear  and  tear.  The  cost  of 
this  last  process  varies  from  Id.  to  3d. 
per  square  foot  superficial,  according  to 
the  thickness  of  the  metallic  coating 
applied.  When  it  is  desired  to  produce 
a  highly  brilliant  surface,  two  successive 
coats  of  the  preparatory  enameling  are 
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given,  and  an  increased  quantity  of  the 

platinum  solution  is  applied.  Gold, 
similarly  prepared,  may  be  used  in  lieu 
of,  or  in  combination  with,  platinum,  at 
considerably  less  cost  than  when  em- 
ployed for  electro  or  leaf  gilding.  In 
the  case  of  platinizing  or  gilding  objects 
of  polished  metal,  the  first  coating  may  j 
be  entirely  dispensed  with.  No  burnish- 
is  required  in  order  to  produce  a 
bright  surface  with  this  process. 

With  reference  to  the  various  degrees 
of  heat  which  are  essential  to  the  success- 
ful application  of  M.  Dodo's  process,  it  is 
necessary  to  remark  that,  as  the  metal 
objects  subjected  to  treatment  are  heated 
and  cooled  gradually  by  special  furnace 
arrangements,  and  as  the  maximum  dur- 
ation of  exposure  to  the  greatest  heat 
-  not  exceed  five  or  six  minutes,  no 
detrimental  effect  whatever  can  possibly 
ensue. 

By  M.  Dode's  process,  which  substi- 
tute heat  for  galvanism,  the  use  of  acid 
is  entirely  dispensed  with,  and,  there 
being  thus  no  cause  to  encourage  oxida- 
tion, no  obstacle  is  offered  to  the  instan- 
taneous amalgamation  of  the  original 
surface  with  the  applied  metal;  a  suffi- 
cient degree  of  heat  only  is  required  to 
cause  the  evaporation  of  the  substances 
by  which  the  latter  are  held  in  solution 
and  fusion.  The  merit  of  the  discovery 
lies  in  the  method  of  preparing  and 
holding  the  various  metallic  pigments  in 
solution,  and  in  directly  applying  them  I 
to  the  objects  under  treatment,  with  no 
other  aid  than  such  degrees  of  heat  as  do  ! 
not  affect  the  condition  of  the  metals 
treated.  Compared  with  electro-plating 
and  galvanizing,  these  processes,  by 
reason  of  their  moderate  cost  and  the 
facility  of  their  application,  present  such 
advantageous  features  that  a  large  field 
for  operation  is  thereby  opened. 

In  fact  the  field  offered  in  the  indus- 
trial world  for  the  practical  application 
of  M.  Dode's  inventions  may  fairly  be 
described  as  boundless.  There  is  hardly 
any  limit  to  the  application  of  the  pro- 
cesses save  the  size  of  the  furnace,  and 
hence  they  can  be  applied  with  equal 
facility,  and  by  common  mechanical 
means,  to  a  metal  paper-weight  or  a 
pillar  letter-box,  to  a  door-knob  or  to  a 
park-gate. 

By  the  black  or  inoxidating  process 
objects   are   rendered    durable,    by    the 


enameling  and  the  platinizing  proc 
absolutely  beautiful,  and  at  the  s;une 
time  impervious  to  the  effects  of  outdoor 
exposure.  It  is  not  too  far  perhaps,  to 
look  forward  to  the  day  when  galvanized 
iron  roofs  and  buildings,  in  their  grey 
unsightliness,  will  be  replaced  by  sheets 
of  softly  glittering  metal,  pleasantly  re- 
freshing, rather  dazzling  to  the  eye,  when 
lamp-posts,  converted  into  gleaming 
pillars  of  silver,  or  gold,  or  bronge,  shall 
reflect  the  lustre  of  the  flame  they  sup- 
port, and  when  pillar  letter-boxes,  street 
orderly  bins,  and  metal  comer  posts 
shall  combine  the  useful  with  the  attract- 
ive. Iron  railings,  too,  around  public 
monuments  and  building,  such  as  the 
British  Museum,  instead  of  requiring 
continual  coats  of  paint,  or  having  their 
spikes  periodically  covered  with  gold 
leaf  at  a  great  expense,  compared  with 
the  effect  and  durability  obtained,  may 
be  advantageously  treated  by  M.  Dode's 
invention;  for  he  contends  that  by  the 
substitution  of  gold  for  platinum  as  the 
outer  coating  in  his  process,  he  can  pro- 
duce the  effect  of  gilding  at  one-twentieth 
of  the  cost  where  gold  leaf  is  employed, 
and  obtain  at  the  same  time  an  infinitely 
greater  durability.  Here  is  an  oppor- 
tunity for  the  City  or  Cathedral  authori- 
ties to  venture  upon  an  experiment 
which  deserves  trying.  The  railings 
round  St.  Paul's  Cathedral  -are  to  be 
redecorated,  simultaneously  with  the 
improvement  of  the  churchyard.  In- 
stead of  adopting  the  present  expensive 
method  of  gilding,  why  not  coat  them 
with  M.  Dode's  composition,  at  consider- 
able saving  in  the  cost? 

In  all  cases  cost  is  a  most  important 
feature  of  preservative  operations,  and  it 
may  be  broadly  stated,  in  reference  to 
M.  Dode's  method,  that  the  cost  of  plat- 
inizing is  about  equal  to  that  of  applying 
three  coats  of  paint,  and  about  one-tenth 
of  that  of  electro-plating  with  nickel. 
These  comparisons  have  reference  to 
Paris  prices,  which,  as  a  usual  rule,  are 
not  lower  than  English.  A  detailed 
account  of  the  treatment  of  eight  stoves, 
I  one  of  which  is  now  exhibited  to  this 
i  meeting,  is  as  follows: — 

{Detailed  account  on  following  page.) 
being  2  francs,  or  Is.  8d.  per  stove.    The 
French    trade   is   quite   willing   to   pay 
four  times  this  rate,  as  to  nickel-plate,  a 
similar  stove  costs  from  30  francs  to  40 
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Frs. 

1  litre  preparation  (retail) 3.75 

First  furnace  operation 3. 20 

Eeagents  for  platinizing 4.00 

Second  furnace  operation 3.30 

Manipulation,  wear  and  tear,  &c .  1. 85 

16.10 

francs;  and  the  Val  d'Osne  Company, 
who  are  large  manufacturers  of  these 
stoves,  have  expressed  a  highly  favorable 
opinion  of  the  results  arrived  at. 

The  preservation  of  iron  ships  from 
the  action  of  salt  water  by  means  of  M. 
Dode's  invention,  is  a  problem  as  yet 
requiring  further  investigation.  But  so 
far  as  a  ship's  numerous  fittings,  now 
made  in  brass  or  galvanized  iron,  are 
concerned,  there  can  be  no  doubt  of  the 
superior  strength  and  durability  of  metal 
treated  according  to  his  patent,  and  there 
would  be  no  comparison  between  the 
strength  of  galvanized  and  platinized 
iron-wire  for  standing  rigging.  The 
insulation  and  preservation  of  telegraph 
wires,  and  the  preservation  of  the  iron- 
work portions  of  railway  rolling  stock, 
also  deserve  attention. 

M.  Dode  may,  at  least,  be  congratu- 
lated upon  having  successfully  solved  a 
problem  that  has  been  for  a  long  time 
occupying  the  attention  of  the  iron  trade, 
namely,  the  opening  up  of  a  fresh  field 
for  the  employment  of  wrought  and  cast 
iron.  Ordinary  cast  or  wrought  iron 
preserved  and  desorated  at  a  trivial  cost, 
according  to  his  methods,  will  replace,  to 
a  considerable  extent,  copper,  nickel, 
brass,  and  other  costly  metallic  sub- 
stances hitherto  employed.  Large 
foundries  devoted  to  the  production  of 
ornamental  metal  work  are  likely  to 
accord  an  unfeigned  welcome  to  a  dis- 
covery which  will  enable  them  to  pre 
serve  their  manufactures  from  rust, 
obviate  all  necessity  for  periodical 
polishing  whilst  the  articles  remain  in 
stock,  and  also  enhance  their  appearance 
and,  consequently,  their  value. 

Articles  of  common  use,  and  orna- 
mental productions  of  high  class,  can  be 
advantageously  subjected  to  M.  Dode's 
processes  at  very  moderate  cost;  while 
the  market  value  of  all  objects  treated  is 
considerably  enhanced,  not  only  through 
their  highly  ornamental  appearance,  but 
also  by  reason  of  their  non-liability  to 
corrosion. 


In  concluding  this  brief  explanation  of 
the  various  advantages  presented  by  M. 
Dode's  discoveries  in  metallurgy,  it  is 
only  necessary  to  call  attention  to  the 
various  specimens  exhibited  this  even- 
ing, and  to  state  that,  M.  Dode  being 
present,  it  will  afford  him  much  pleasure 
to  explain  any  makers  of  detail,  or  to 
answer  any  questions  bearing  upon 
practical  applications  of  his  inventions. 


Steel  Making  in  India. — The  Government 
have  instructed  Mr.  Walter  Ness  to  pro- 
ceed with  the  making  of  steel  in  the  central  In- 
dian provinces  with  the  Lohara  and  Pipalgaon 
iron  ores,  smelted  with  the  Waroraeoal  and  the 
Khandalla  limestone.  An  Indian  Blue  Book 
contains  a  summary  by  Mr.  Ness  of  the  full  re- 
port which  he  left  at  the  Indian  Office  before  he 
again  returned  to  India,  detailing  his  experi- 
ments in  this  country  with  the  materials  we 
have  specified.  Mr.  Ness's  summary  points 
out  that,  whilst  by  other  methods  only  30  per 
cent,  of  iron  was  obtainable  from  the  ore 
charged,  still  by  the  modification,  by  Mr.  Ire- 
land, of  Manchester,  of  Blair's  patent  iron 
sponge  reducing  furnace,  of  which  he  is  part 
proprietor,  the  yield  was  65  per  cent,  of  iron 
sponge  from  the  ore  charged,  the  sponge  con- 
taining fully  93  per  cent,  of  metallic  iron.  As 
much  as  6  tons  of  sponge  had  in  this  way  been 
manufactured  ;  and  Mr.  Ness  reported  in  favor 
of  a  modification  of  such  a  furnace  for  use  in 
India.  Mr.  Ness  writes  : — "I  am  not  aware 
that  any  one  capable  of  forming  a  correct  notion 
of  the  working  of  this  arrangement  has  seen  it 
at  work,  excepting  Mr.  Snelus,  of  the  Barrow 
Iron  and  Steel  Works  ;  and  I  have  recently 
noticed  in  the  Engineer  that  he  testified,  at  the 
meeting  of  the  Iron  and  Steel  Institute  held  last 
March  in  London,  to  the  rapid  working  of  the 
arrangement,  and  the  good  result  obtained." 
Varied  trials,  to  ascertain  the  best  arrangement 
for  the  melting  of  the  sponge,  culminated  in  the 
discovery  made  at  the  works  at  Annen  of 
Messrs.  Astowers,  that  this  could  be  best  done 
in  the  Bicheroux  furnace,  where  the  commonest 
fuel  only  is  required  to  be  used  for  the  purpose ; 
and  it  was  ultimately  resolved  that  this,  or  Dr. 
Siemen's  gas-regenerative  steel  melting  furnace, 
would  be  the  most  suitable  for  the  purpose. 
A  portion  of  the  steel  was  made  into  bars  suita 
ble  for  engraving  tools,  and  dies  for  mint  pur- 
poses, and  about  2  tons  of  sponge  remained  at 
the  time  of  Mr.  Ness's  leaving  England,  which 
it  was  proposed  to  convert  into  steel  shot  or 
shell  for  armor-piercing  purposes,  the  tenacity 
of  the  steel  and  its  resistance  on  impact  being 
exceptionally  good.  The  Chief  Commissioner 
of  the  Central  Provinces,  in  his  ' '  Minute "  to 
the  annual  progress  report,  says  of  Mr.  Ness's 
experiments  :  ' 4  There  appears  to  be  every 
reason  to  hope  that  they  may  lead  to  the  estab- 
lishment of  a  very  important  local  industry, 
and  the  development  of  the  resources  of  the 
country. " 
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A  NEW  AND  GENERAL  MOMENT  OF  INERTIA  FORMULA. 

By  J.  WOODBRIDGE  DAVIS,  C.E. 
Written  for  Van  Nostrand's  Magazine. 


The  following  formula  expresses  one 
component  of  the  moment  of  inertia  of 
the  mass,  whose  density  is  unity,  con- 
tained in  each  of  certain  shapes,  referred 
to  an  axis  situated  at  the  first  end  of  the 
shape. 

,;1D1V+:l'„D'(3B-2A)  (1) 

The  symbols  are  the  same  used  in  the 
center  of  gravity  formula,  [See  June 
No.  of  this  Magazine.]  The  space  is 
considered  to  be  described  by  a  plane 
generatrix,  which  remains  parallel  to  one 
plane,  while  it  moves  in  direction  perpen- 
dicular to  it.  If  the  shape  be  a  surface, 
the  generatrix  is  a  line.  A  is  the  magni- 
tude of  generatrix  at  initial  position,  B 
its  magnitude  at  final  position,  D  the  dis- 
tance between  these  positions,  or  the 
length  of  the  space,  and  V  is  the  amount 
of  space  described.  In  this  paper  the 
axis  of  gyration,  whatever  its  situation, 
is  considered  to  be  parallel  to  the  plane 
of  generatrix. 

The  component  of  inertia  is  that  which 
acts  in  direction  perpendicular  to  the 
path  of  generatrix.  This  component  is 
equal  to  the  moment  of  inertia  of  the 
whole  mass,  on  the  supposition  that  the 
mass  which  fills  the  space  described  by 
the  generatrix  in  each  instant,  is  concen- 
trated upon  the  same  single  line  that  in- 
dicates the  path  of  that  generatix. 

This  supposition  may  often  be  made 
with  practical  accuracy. 

If  formula  (1)  be  applicable  to  the 
shape  in  direction  normal  to  last,  the  re- 
maining component  can  be  obtained  in 
same  manner.  The  sum  of  these  two 
is  the  entire  moment  of  inertia  of  the 
mass,  whose  specific  gravity  is  unity,  and 
which  fills  the  shape  in  question.  If  the 
heaviness  of  the  material  be  y,  y  should 
enter  formula  (1)  as  a  factor. 

The  generatrix  may  be,  instead  of  a 
plane,  a  circular  cylindric  surface,  or  a 
plane  circular  circumference,  which  pro- 
ceeds concentrically  from  the  axis.  For 
this  case,  formula  (1),  if  it  apply,  indi- 
cates the  entire  moment  of  inertia,  be- 
cause every  point  of  generatrix  is  at 
same  time  equally  distant  from  axis. 
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The  range  of  this  formula's  applicabil- 
ity can  be  determined  by  solution  of  the 
following  equation  with  respect  to  ??, 
the  space  discussed  being 

y=Kxn,  (2) 

where  y  is  variable  area  of  generatrix, 
.r  is  its  corresponding  distance  from  ini- 
j  tial  position,  and  K  and  n  are  constants. 
[See  introduction  to  article  on  The  Pris- 
moidal  Formula  in  May  No.  of  this 
Magazine.]     The  equation  referred  to  is 


KDn+1 

3  T)a 


+  -3Vr)9[3KD»-2K(0)w] 

-  /  Kcew+2^=0. 
J  o 


(3) 


When  n  is  zero,  this  equation  is  true. 
For  all  other  values,  it  reduces  to 


+ 


=0. 


W 


10(n  +  l)  ^10     n  +  S 

From  this 

w=f±J=2-or  1. 

Here  it  is  seen  that  the  formula  ap- 
plies when  the  generatrix  of  space  varies 
as  ax°,  bx  or  cx'\  Consider  three  spaces 
between  same  limits,  which  vary  each  as 
a  different  one  of  these  three  functions 
of  the  path.  Let  A1?  B1?  V,,  belong  to 
one  of  these  spaces,  A2,  B2,  Va,  and  A,, 
B3,  Vs,  to  the  others.     Then, 

.      A=Al+Aa  +  Ai,     B=B1  +  BQ  +  B„ 

v=v1+v2+v3, 

where  A,  B,  V,  are  the  areas  of  ends,  and 
the  volume,  of  combined  space.  The 
combined  moment  of  inertia  is 

^D'V1  +  AD'(3B-2A1) 
1aJD'V!  +  TVD'(3B-2A!) 
tVD2V1+7VI>1(3B3-2A3) 

=T\D'V  +  1VD°(3B-2A).  (1) 

Hence  the  moment  of  inertia  formula 
applies  between  any  limits  to  all  spaces 
represented  by  the  equation 

y=a  +  bx  +  cx2.  (5) 

The  formula  applies  to  no  other  spaces 
except  between  particular  limits  which 
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occur  but  once  in  an  infinite  number  oJ 
cases,  as  lias  been  already  demonstrated 
of  the  center  of  gravity  formula. 

Formula  (1),  though  exceedingly  sim- 
ple, possesses,  as  shown  by  eq.  (5),  as 
great  an  extent  of  applicability  as  the 
center  of  gravity  formula,  and,  practi- 
cally, as  the  prismoidal  formula.  Con- 
sequently, it  applies  to  all  the  practical 
shapes  mentioned  in  connection  with 
those  formula.  Eq.  (5)  is,  as  with  them, 
the  criterion. 

Moreover,  this  formula  for  moment  of 
inertia,  has  the  same  variety  of  uses  to 
the  writer  of  theoretical  mechanics  and 
to  the  practical  engineer,  as  has  been 
fully  discussed  in  connection  with  the 
centre  of  gravity  formula. 

The  moment  of  inertia  formula  has 
one  disadvantage  not  shared  by  the  pris- 
moidal and  center  of  gravity  formulae, 
which  is  that  it  must  always  be  applied 
in  two  directions  to  spaces  of  three  di- 
mensions. This  reduces  the  number  of 
shapes  to  which  formula  (1)  applies  for 
both  components,  or  for  the  entire  mo- 
ment of  inertia,  since  a  shape  may  in  one 
direction  be  generated  according  to  the 
law  expressed  in  eq.  (5),  but  be  described 
in  a  direction  normal  to  this,  according 
to  a  very  different  law.  The  prismoidal 
formula  requires  to  be  applied  in  one  di- 
rection only.  To  all  shapes  which  have 
an  axis  of  symmetry  the  center  of  grav- 
ity formula  requires  but  a  single  applica- 
tion. Often,  of  shapes  which  possess 
no  axis  of  symmetry,  the  statical  moment 
in  but  one  direction  is  sought.  But, 
that  a  complete  result  may  be  obtained, 
the  moment  of  inertia  formula  must  be 
applied  in  both  ways. 

Notwithstanding  this,  it  will  be  seen 
that,  for  all  practical  cases,  formula  (1) 
applies  exactly  in  both  directions. 

Let  us  examine  a  few  examples  in 
order  to  become  familiar  with  the 
method  of  applying  the  moment  of 
inertia  formula. 

The  moment  of  inertia  of  a  bar  of 
uniform  thickness,  but  whose  length,  I, 
is  comparatively  great,  is,  referred  to  an 
axis  at  one  end,  perpendicular  to  direc- 
tion of  length, 

If  the  axis  be  passed  through  a  point 
of  bar,  distant  l1  from  one  end,  and  l2 
from  the  other,  the  moment  of  inertia  is" 


To  determine  the  square  of  the  radius 
of  gyration,  with  respect  to  same  axis, 
divide  the  moment  of  inertia  by  V.  This 
is  evidently  independent  of  the  density. 
For  the  bar  it  is  in  first  case  Jf,  and  in 
second  case 

If  the  axis  be  beyond  either  end  of  bar, 
the  last  expression  is  true  when  the  sign 
of  middle  term  is  made  plus. 

Let  it  be  required  to  determine  the 
moment  of  inertia  of  a  circular  disc 
referred  to  a  normal  axis  through  its 
center. 

The  generatrix  is  a  varying  circumfer- 
ence. Because  it  varies  as  ax,  formula 
(1)  applies. 

.-.  m.  of  i.=T\r\7tr*  +  1jtrs[3{27z?)-0'] 

rad.2  of  gjr.=^7rri~7tr'i=^. 

One  component  of  this  moment  of  iner- 
tia is,  obviously,  on  account  of  the  sym- 
metry of  the  shape, 

This  is,  consequently,  the  moment  of 
inertia  of  the  disc  when  the  axis  is  a 
diameter. 

From  the  foregoing  is  obtained  for 
circular  ring 

m.  of  i.=Jjr(rt4— r*), 

rad.2  of  gyr.=i(r22  +  r12). 

Referred  to  a  diametral  axis,  the  m.  of  i. 
and  rad.2  of  gyr.  of  same  figure,  are  one- 
half  so  great. 

One  component  of  the  m.  of  i.  of  hem- 
isphere, referred  to  a  diameter  of  section, 
as  axis,  is 

Hence  this  component  for  entire  sphere 
is  -^j7rr\  But  the  other  component  is 
equal.  Therefore,  the  entire  m.  of  i.  of 
sphere,  referred  to  axis  through  center, 

is  . 


TJ 


nr 


and 


rad.2  of  gyr.=f-ra. 

If  the  axis  be  a  line  tangent  to  the 
sphere,  one  component  of  m.  of  i.  is 

_3_T)2  4  tj^S 
1  0  J-/  •  3  /C  '    ' 

Formula  (1)  applied  in  direction  at  right 
angles  to  this,  gives,  as  before, 
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.-.  m.  of  L=A-^4^+A^=ft^ 
and  red."  of  gyr.=$r*. 

When  the  axis  is  anywhere  between 
limits  of  space,  divide  latter  into  two 
portions,  apply  formula  (1)  to  each  and 
compound  the  moments  of  inertia,  as 
was  done  in  case  of  bar  and  sphere. 
When  the  axis  is  beyond  limits,  produce 
the  shape,  if  possible,  to  the  axis,  find 
m.  of  i.  between  axis  and  last  limit,  then 
find  m.  of  i.  between  axis  and  first  limit, 
and  snbstract  the  latter  from  the  former, 
as  -was  done  in  case  of  circular  ring. 

Sometimes  the  shape  cannot  be  pro- 
duced to  the  axis,  as  in  the  case  wdiere  m. 
of  i.  of  sphere  is  required,  referred  to  an 
axis  which  does  not  touch  it.  For  such 
-  another  formula  must  be  con- 
structed, winch  represents  the  amount 
to  be  added  to  that  of  formula  (1)  in 
order  that  the  suni  shall  be  the  entire 
component  of  the  m.  of  i.  referred  to 
the  axis  under  consideration. 

Let  dt  be  the  distance  of  the  axis  be- 
yond first  end,  d2,  the  distance  of  the 
center  of  gravity  of  mass  from  first  end, 
measured  in  direction  perpendicular  to 
plane  of  generatrix,  and  M,  the  corre- 
sponding component  of  the  m.  of  i.  of  the 
mass  referred  to  an  axis  through  center 
of  gravity.  By  the  principles  of  me- 
chanics the  component  of  m.  of  i.  re- 
ferred to  first  axis  is 

K2  +  2c^2  +  ^)V  +  M  (6) 

But  formula  (1)  is,  by  same  principles, 
equivalent  with 

d/V  +  M.  (7) 

Therefore,  to  this  must  be  added,  in 
order  to  obtain  (6), 

<*,(<*, +2d,)V.  (8) 

According  to  formula  (1)  in  center  of 
gravity  article  in  June  No.  of  this  mag- 
zine, 

a.=n>+£^        (9) 

Hence,  expression  (8)  is  equal  to 

^[K+D)V  +  iD2(B-A)].         (10) 

The  sum  of  expressions  (1),  (10),  is 
one  component  of  the  m.  of  i.  referred 
to  any  axis  parallel  to  plane  of  genera- 
trix.    It  is 


+  TVD"V  +  1JTD'(3B-2A)    J 


(11) 


The  same  formula  may  bo  used  to  de- 
termine the  other  component.     The  sum 

of  these  is  the  total  m.  of  i.  of  the  mass. 
In  cases  where  the  center  of  gravity  is 
in  first  end,  as  in  example  of  the  circu- 
lar disc,  and  one  example  of  the  sphere, 
(^  =  0,  and  expressions  (8),  (10)  reduce  to 

dx*Y.  (12) 

In  these  cases,  formula  (1)  applied  once 
or  twice,  gives  the  entire  m.  of  i.  referred 
to  axis  through  center  of  gravity ;  and 
formula  (12)  applied  once,  gives  the 
amount  to  be  added  to  this  to  compose 
the  entire  m.  of  i.  referred  to  any  axis. 

Let  it  be  required  to  determine  the 
m.  of  i.  of  a  hemisphere,  whose  radius  is 
r,  situate  at  the  extremity  of  a  rod, 
whose  length  is  dx,  the  axis  being  at 
other  end,  and  the  plane  face  of  figure 
being  directed  toward  this. 

Referred  to  a  diametral  axis  in  plane 
face,  the  whole  m.  of  i.  is,  as  before  shown, 
-&7tY\     Add  to  this  formula  (10).     Then, 

m.  of  i.=TVrr6  +  dx[(dx  +  r)%7tr*-\7tri] 

rad.2  of  gyi— fr'  +  ^K+fr). 

The  m.  of  i.  of  a  rectangular  prism,  re- 
ferred to  an  axis  coincident  with  one 
edge,  is,  when  I,  b,  are  lengths  of  remain- 
ing two  edges,  and  t,  the  length  of  first 
edge,  which  form  one  solid  angle, 

+  T\b\btl+s\b\tlj-3°uV  +0)- 

The  m.  of  i.  referred  to  a  parallel  axis, 
distant  dx  in  direction  of  edge  I,  and  d' 
in  direction  of  edge  b,  is  greater  by 

dx{dx  +  l)btl  +  d'{d'  +  b)btl 
rad.2  of 

gyr.  =  ft?  +  b2)  +  dfa  + 1)  +  d\d'  +  b). 

One  component  of  the  m.  of  i.  of  a 
|  solid  cylinder,  referred  to  an  axis  at  first 
end,  intersecting  axis  of  cylinder  perpen- 
dicularly, is,  by  formula  (1), 

^rB.9D?rr9+^rD.Vra=JD,?rr.a 

The  other  component  is  the  m.  of  i.  of 
circular  disc  referred  to  diametral  axis, 
multiplied    by    D.      It   is,    accordingly, 

.  •.     m.  of  i.  =  nrT>  (£D2  +  Jr2) . 

The  m.  of  i.  of  same  mass  referred  to 
a  parallel  axis  distant  dx  in  direction  of 
axis  of  cylinder,  and  distant  d'  from  this 
axis,  is  greater  by 
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(di(<6il+t>)+d'*)in*D. 

.  •.  radMgyr.  =  JD2  +  ±r9  4-  dx(dx  +  D)  +  d'2 

The  foregoing  examples  comprise  all 
that  are  proposed  in  ordinary  manuals : 
moreover,  the  results  in  several  eases  are 
more  general  than  it  is  usual  to  present 
them.  In  every  instance  the  formula 
applies  exactly  and  very  simply,  remov- 
ing the  necessity  for  a  special  demon- 
stration for  every  shape.  It  applies 
exactly  to  numerous  other  figures  which 
occasionly  rise  to  notice.  The  shapes  to 
which  it  does  not  apply  in  both  direc- 
tions, as  the  paraboloid,  are  rare  in  prac- 
tice. Even  to  these  it  applies  with  a 
very  close  approximation  to  the  truth, 
and  an  immense  saving  of  the  labor  that 
would  be  necessary  to  find  the  amount 
of  inertia  correctly  by  the  method  of  cal- 
culus. So  it  appears  that  the  disadvant- 
age of  the  moment  of  inertia  formula,  as 
compared  with  the  prismoidal  and  center 
of  gravity  formulae,  is  rather  theoretical 
than  practical.  A  few  more  examples 
will  be  solved  as  briefly  as  possible. 

The  altitude  of  a  right  cone  is  h.  The 
radius  of  its  base  is  r.  Required  its  m. 
of  i.  referred  to  its  geometric  axis. 

The  generatrix  is  a  cylindric  surface 
moving  concentrically  from  axis.  At 
distance  x,  its  circumferential  dimension 
is  2ft x;  and  its  width  is  y,  which  we  know 
to  be  a  function  of  x  involving  the  zero 
and  first  powers  of  latter  variable. 
Hence  formula  (1)  applies;  and,  since 
end  magnitudes  of  generatrix  are  zero, 


m.  of  i.=T\r.^7tr2h. 


(13) 


Frusta  of  such  cones  occur  in  machin- 
ery quite  frequently.  For  each  the  m. 
of  i.  is  the  difference  between  those  of 
two  cones.  If  1\  be  radius  of  smaller 
base,  and  A,  its  distance  from  vertex,  and 
ra,  A2,  be  corresponding  values  for  other 
base, 
m.  of  i.  =-h7c{Jiir*—h1rlA)=-^7ta 

(>-25-o- 

The  altitude  of  a  right  square  pyramid 
is  h.  Each  side  of  its  base  is  s.  Re- 
quired its  m.  of  i.  referred  to  its  geomet- 
ric axis. 

Bisect  pyramid  by  a  plane  through 
axis,  perpendicular  to  a  pair  of  opposite 
faces.  The  generatrix  of  one  half  is  a 
trapezoid,  which  changes  from  a  triangle 
at  axis  to  a  line  at  opposite  edge.  Form- 
lua  (1)  applies,  evidently.     If,  then,  this 


formula  be  applied  in  four  directions,  at 
right  angles,  from  the  axis,  both  com- 
ponents of  the  m.  of  i.  of  every  point 
will  be  included  in  the  result. 

.-.  m.  of  i.=^.tf.jrhs*-£F.is\hs) 

—  i_A«* 

—  "5  ~onb  J 

and  rad2.  of  gyr.=11(rs2. 

The  m.  of  i.  of  the  cone,  referred  to  an 
axis  through  vertex,  perpendicular  to 
geometric  axis,  is  required. 

One  component  is 

^A.2  \h7tr1  +  -±jh.3  Sttt2 =\h'irr*. 

The  other  is  one  half  of  (13),  because  the 
m.  of  i.  of  each  elementary  circle  is  now 
referred  to  a  diametral  axis. 


m.  of  \.  =  hnr 


/A2      r2  \ 
(t+20> 


To  obtain  m.  of  i.  referred  to  a  parallel 
axis  through  center  of  gravity  of  cone, 
distant  f  h,  subtract 

T%h.2  \hnr\ 

By  similar  process,  the  moments  of 
inertia  of  the  right,  rectangular  pyramid, 
the  hollow  cylinder  and  many  other 
shapes,  may  be  determined  with  respect 
to  any  axis,  parallel  with  plane  of  gener- 
atrix. 

We  have  in  mechanics  the  rule : 
The  distance  from  the  center  of  press- 
ure on  a  submerged  plane  surface  to  the 
intersection  of  that  plane  with  surface 
of  fluid,  is  equal  to  the  moment  of 
inertia  of  the  plane,  referred  to  the-  inter- 
section, divided  by  the  statical  moment 
of  the  plane  referred  to  same  line. 
Hence,  expression  (11),  of  this  paper, 
divided  by  expression  (16)  of  center  of 
gravity  article  in  June  number  of  this 
magazine,  represents  this  distance.  The 
formula  is 


2dx  + 


TVD2[3Y  +  D(B-|A)]-^2Y 


(14) 


(^  +  iD)V-f1LD2(B-A) 

This  applies  to  all  plane  figures  repre- 
sented by  eq.  (5),  when  the  axis  of  Y  is 
parallel  with  the  intersection.  But,  as 
already  remarked,  we  rarely  have  to  deal 
with  submerged  shapes  other  than  those 
represented  by 

y=a-\-bx; 

and   the  simpler   formula,   (15),  p.  471, 
June  No.,  applies  to  these. 

Each  component  of  the  m.  of  i.,  refer- 
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red  to  an  axis  through  center  of  gravity 
of  mass,  is  represented  by 

2>„D'[V  +  4D(B  +  A)]-  " 


144  V 


(15) 


The  sum  of  these  is  the  m.  of  i.  referred 
to  same  axis.  If  ilx  be  the  distance,  in 
any  direction,  to  a  Beoond  parallel  axis, 
the  in.  of  i.  referred  to  latter,  is  greater 
by  expression  (12). 

Formula  (15)  is  rarely  preferable  to 
the  other  formulae  of  this  paper. 

One  of  the  most  important  applications 
of  m.  of  i.  formulae,  is  to  the  determination 
of  the  amount  of  resistance  to  rupture 
by  bending,  possessed  by  beams,  since 
(iiio  factor  of  this  resistance  is  the  same 
function  of  the  dimensions,  shape  and 
position  of  the  cross-section  with  regard 
to  the  neutral  axis,  as  that  which  repre- 
sents the  m,  of  i.  of  the  figure  referred 
to  same  line.  The  computation  of  this 
quantity  is,  even  for  simple  shapes, 
tedious;  for  complex  figures  it  is  very 
laborious.  From  formula  (1)  we  may 
devise  a  rule  appropriate  to  these  cases 
in  the  following  manner: 

Let  A,  B,  C,  D,  etc.,  be  points  any- 
where situate  in  a  plane;  and  let  a',b\c\ 
etc.,  be  their  abscissae,  and  a,  b,  c,  etc., 
their  ordinates.  Conceive  the  points  to 
be  connected  in  alphabetical  order  by  a 
broken  line,  commencing  and  ending  at 
A.  "Vf  e  now  have  a  polygon  composed 
of  a  series  of  positive  and  negative  trap- 
ezoids lying  consecutive  with  their  bases 
all  on  the  axis  of  abscissa.  Apply  for- 
mula (11)  to  the  trapezoid  AB.  After 
reduction,  its  m.  of  i.  is  represented  by 

TW(6'-a)  [2a'  (a-b)  +±b'(a  +  2b)] 

'  +*(*'-«0'(«+W).      (16) 

If  the  trapezoid  be  negative,  a'>b\ 
[See  article  on  land  surveying  in  April 
number  of  this  magazine]  and  the  factors 
(b'  —  a'),(b'  —  a'y,  are  negative;  and,  con- 
sequently, the  m.  of  i.  is  negative. 
Hence,  the  algebraic  sum  of  the  mo- 
ments of  inertia  of  all  the  trapezoids,  as 
represented  for  each  by  formula  (16),  is 
the  m.  of  i.  of  the  polygon. 

The  m.  of  i.  of  the  trapezoid  BC  is 

W(c'  -b')[2b'(b-c)+4c'(b+2cy] 

'  +^(c'-b'y(b  +  3c).     (16a) 

The  symbol  b  occurs  in  the  formulae  for 
trapezoids  AB,  BC  only.  Selecting  from 
these  the  terms  in  which  b  enters  as  a 
factor,  and  joining  them,  we  obtain 


JU(c'-a')(a/9+a'&'+d'f+aV 

+  />V +  <•'-).     (17) 

Evidently,  the  formula  for  every  other 
ordidate  is  the  same;  and  the  sum  of 
these  is  the  m.  of  i.  of  polygon. 

(17)  may  be  transformed  into 

.     <b(c'-<i')(a'  +  b'  +  c')(<*'  +  c')      (18a) 
n\       +$(c'-a')(6'*-a'c')  (ISA) 

Here  it  is  seen  that  the  first  three  lac- 
tors  of  (18a)  are  the  three  literal  factors 
of  the  corresponding  term  of  the  statical 
moment,  and  that  the  first  two  factors  of 
(18/>)  are  the  two  literal  factors  of  the 
corresponding  term  of  the  area.  [See 
Rule  tB,  p.  293,  April  No.  of  this  Maga- 
zine, and  formula  (32),  p.  472e,  June  No.] 
The  advantage  of  formula  (18)  appears 
from  what  follows. 

The  required  quantity  is  the  m.  of  i.  of 
the  cross-section  of  beam,  referred  to  a 
line  in  its  own  plane  coincident  with  the 
neutral  axis.  To  find  position  of  latter, 
we  must  ascertain  one  co-ordinate  of  the 
center  of  gravity.  But  this  depends 
upon  the  statical  moment  and  the  area. 
Therefore,  the  three  necessary  elements 
of  the  solution  are  the  determinations  of 
the  area,  statical  moment  and  the  mo- 
ment of  inertia.  Now,  in  formula  (18) 
we  have  not  only  the  simplest  m.  of  i. 
formula  for  the  general  polygon,  but 
from  the  labor  it  represents  we  derive  at 
same  time  the  area  and  statical  moment 
of  polygon.  Compare  with  this  the  fol- 
lowing methods  for  complex  figures. 

A  common  process  is  to  divide  the 
cross-section  into  equally  long  trapezoids, 
and  apply  Simpson's  rule  three  separate 
times  to  the  elementary  quantities  of  the 
m.  of  i.,  the  statical  moment  and  the 
area.  The  disadvantages  of  this  are 
that  more  ordinates  must  be  measured 
than  are  necessary,  and  that  the  three 
elements  of  the  solution  require  inde- 
pendent operations. 

Another  method,  exceedingly  crude 
and  laborious,  as  any  one  will  discover 
who  attempts  to  use  it,  is  thus  described 
by  Rankine  on  page  253  of  Civil  Engi- 
neering : 

"In  finding  the  value  of  the  moment 
of  inertia  I  of  cross-sections  of  complex 
figure,  the  following  rules  are  useful : 

"  If  a  complex  cross-section  is  made  up 
of  a  number  of  simple  figures,  conceive 
the  center  of  gravity  of  each   of    those 
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figures  to  be  traversed  by  a  neutral  axis 
parallel  to  the  neutral  axis  of  the  whole 
section.  Find  the  moment  of  inertia  of 
each  of  the  component  figures  relatively 
to  its  own  neutral  axis ;  multiply  its  area 
by  the  square  of  the  distance  between 
its  own  neutral  axis  and  the  neutral  axis 
of  the  whole  section ;  and  add  together 
all  the  results  so  found,  for  the  moment 
of  inertia  of  the  whole  section. 

"  When  the  figure  of  the  cross-section 
can  be  made  by  taking  away  one  simpler 
figure  from  another,  so  that  the  center 
of  gravity  of  the  whole  figure  is  found 
by  subtraction  (as  in  p.  154),  both  the 
area  and  the  moment  of  inertia  of  the 
subtracted  figure  are  to  be  considered 
as  negative." 

These  rules  suggest  another  advantage 
of  the  method  represented  in  formula  (18), 
which  is,  that  no  care  need  be  taken  to 
separate  the  negative  areas  and  moments 
from  the  positive.  The  rule  effects  the 
algebraic  summation  without  mistake  or 
special  superintendence.  Another  ad- 
vantage of  this  rule,  apparently  trifling 
but  really  important,  is  that  it  has  but 
one  numerical  factor  for  the  whole  poly- 
gon, while  the  other  rules  mentioned  re- 
quire  the   constant  use  of    the  factors, 

i  *  +  -t  j 

Formula  (18)  is  designed  for  complex 
figures  only,  such  as  the  cross-section  of 
a  track-rail ;  but,  as  it  is  perfectly  gen- 
eral, it  may  be  used  for  any  right-line 
shape.  When  applied  to  shapes  com- 
posed of  rectangles,  as  the  T  and  double 
T-shaped  cross-sections,  it  cannot  so  well 
compete  with  ordinary  rules,  because  the 
latter  need  not  be  applied  to  the  trape- 


Fig.  I. 


zoids,  such  as  AB,  CD,  GH,  Fig.  1,  since 
it  is  known  at  once  that  these  are  zero, 
while  formula  (18)  must  be  applied  as 
often  to  Fig.  1  as  to  Fig.  2.  But,  wher- 
ever trapezoids  occur,  as  in  Figs.  1,  2, 
and  as  is  very  common,  formula  (18), 
notwithstanding  the   disadvantage    just 


Fig.  2. 


mentioned,  is  the  shortest  rule.  More- 
over, girders  are  not  usually  manufac- 
tured with  sharp  angles  at  D  and  E  ;  so 
that  we  shall  commonly  have  the  side 
CD  a  reversed  curve  tangent  to  the  lines 
BC,  DE.  For  instance,  the  girder,  of 
which  Fig.  1  is  the  type,  is  represented, 
as  actually  measured,  in  Fig.  3  (where 
the  scale  is  one-half  and  the  web  rec- 
tangle is  omitted) ;  and  as  such  it  should 
be  calculated,  if  an  exact  result  be  re- 


quired. This  was  reduced  to  the  shape 
of  Fig.  1,  in  order  that  the  result  of  the 
computation  might  be  the  more  easily 
tested  by  ordinary  methods.  Had  we 
aj)plied  formula  (18)  to  Fig.  2  instead, 
we  should  have  incurred  no  more  labor 
to  find  the  m.  of  i. ;  but,  by  the  ordinary 
rule,  the  work  would  have  been  nearly 
tripled.  It  is  desirable  to  have  the  first 
example  such  that  the  result  of  the  oper- 
ation can  be  easily  tested. 

It  is  unnecessary  to  apply  formula  (18) 
to  each  vertex  of  figure.  Draw  the  axial 
line  AH,  Fig.  1,  and  consider  the  poly- 
gon on  one  side.  The  entire  ordinates, 
instead  of  the  half  ordinates,  may,  how- 
ever, be  used.  The  result  is,  then,  the 
entire  m.  of  i.  W7hen  treating  irregular 
shapes,  whether  symmetrical  or  not,  solid 
or  hollow,  which  are  mensurated  by  hav- 
ing breadths  taken  at  intervals,  regard 
these  ordinates  as  if  erected  from  one 
straight  line,  the  axis  of  abscissae. 

The  co-ordinates  of  the  vertices  of  Fig. 
1  are  recorded  in  the  table  below  next 
to  the  letters  indicating  those  vertices. 
The  symbols  of  formula  (18)  are  used  at 
the  heads  of  the  columns.    Thus,  column 
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headed  b\  contains  the  abscissa- :  under 
b  are  the  ordinatea    Each  number  under 

(r.'-i(')  is  derived  from  the  subtract  inn 
of  number  on  the  line  above,  under  A', 
from  that  on  line  below  in  same  column. 
The  numbers  below  {</'  +  b'  +  c')  are  each 
Bum  oi  the  numbers  in  column  of 
abscissa?,  which  occur  on  the  same  line 
and  the  adjoining  lines  above  and  below. 
The  factors   (a'  +  cr),   (6'f— a'c')  are  also 


derived,  in  manner  indicated,  from  the 
abscissa'.  The  factors  (ft* — a'c')  must 
be  used  with  area  terms.  From  twice 
the  Logarithm  of  the  statical  moment 
subtract  the  logarithm  of  the  area.  The 
result  is  logarithm  of  quantity  which  we 
must  subtract  from  m.  of  i.  as  previously 
found,  in  order  to  reduce  this  to  the  m. 
of  i.  referred  to  neutral  axis. 

The  work  has  been  carried  out  to  the 


I 

Sextuple 

Co-ordinates. 

Double  Area. 

Statical  Moment. 

Duodecuple  Moment  of  Inertia. 

b' 

b 

(c-tfO 

(a'+y+O 

(a'+c'j 

use  with 

A 

0 

0 

area  terms 

B 

0 

3. 

xl.3=3.9 

x   1.8=     5.07 

x   1.3=       6.591 

0       =       0 

C 

1.3 

3. 

xl.3=3.9 

x   2.6=  10.14 

x   1.3=     13.182 

1.69=       6.591 

1) 

1.3 

0.6 

x7. 7=4.63 

xll.6=  53.592 

xl0.3=  551.9976 

—10.01=— 46.2462 

E 

9. 

0.6 

x8.1=4.86 

xl9.7=  95.742 

x  10. 7=1024.4394 

68.78=  334.2708 

F 

9.4 

5.9 

xl.0=5.9 

x28. 4=167. 56 

x  19.0=3183.64 

—  1.64=  —9.676 

G 

10. 

6. 

x0.6=3.6 

x  29.4=105.84 

x  19.4=2053.296 

6.     =     21.6 

H 

10. 

0 

2  1oir.  72.991  = 
-log.  13.39  = 


2)26.78 
13.39 


3. 726538 
1.126781 

2.599757=k>£f.  397.885 


6)437.944 
72.991 


last  decimal  place.  This  is  not  necessary 
in  practice.  This  example  shows  exact- 
ly the  amount  of  work  requisite  for  cal- 
culation of  m.  of  i.  of  Fig.  2,  even  were 
GH  also  inclined. 

All  the  formulae  given  in  books  for 
special  plane  shapes,  not  bounded  by 
ciuwes,  can  be  deduced  from  formula 
(18),  which  thus  obviates  the  necessity 
for  special  demonstrations.  It  is,  more- 
over, already  in  simplest  form  for  all 
polygons,  except  those  composed  of 
rectangles. 

Fig.  4. 


a. 


Following  the  same  plan,  we  may  con- 
struct a  systematic  formula  for  shapes 
composed  of  series  of  rectangles,  which 
will  be  found  simpler  than  the  formulae 


6833.1460 

306.5396 

12)7139.6856 

594.9738 
^397\885_ 

197.0888= 


306.5396 


:m.  of  i. 


already  in  engineering  treatises.  The 
common  case  is  the  series  of  three 
rectangles:  we  shall  confine  our  atten- 
tion to  this.  Let  the  first  axis  be  taken 
[Regard  Fig.  4]  coincident  with  the  com- 
mon side  of  two  rectangles.  The  three 
following  expressions  for  area,  statical 
moment  and  m.  of  i.,  of  whole  figure,  are 
easily  derived. 

A=A1w1-r-Aai09+Att0,=A1+A9+A„  {Ida) 

S'^C-AA,  +  A2A2  +  (2Aa  +  A,)A8] 

=i(S1  +  S.i  +  S3)=iS,     (19b) 

M'=i[-A1S1+A2S34-(A2  +  /OS3  +  Aa2A3] 
=i(M1+M,+M,)=iM.     (19c) 

Hence  comes  the  following  scheme  for 
a  table  of  calculations : 


"'. 


x     ht        =SJx     hn  =Mg 

x(2At+A,)=S,x(As+Al)>      M 


s 


m.  of  i.  =  JM- 


(iS)" 


S,  is  always  negative,  and  is  the  only 
negative  quantity.     The  axis  AB  is  more 
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conveniently  placed  next  to  the  larger 
flange,  as  in  diagram.  This  makes  the 
quantity  S  smaller.  The  symbol,  m.  of 
i.,  means  the  m.  of  i.  referred  to  neutral 


axis. 


Formula  (20)  is,  of  course,  independ- 
ent of  dimensions.  wa  may  be  greater 
than  flange-widths,  as  in  cross-shaped 
sections. 

For  T-shaped  sections,  simply  omit 
the  third,  and  most  difficult,  line  of 
formula  (20);  because,  now,  in  formula 
(19),  /?3,  w„  A3,  S„  M3,  are  all  zero. 

It  is  already  known  that  the  neutral 
axis  of  a  double  T  cross-section  whose 
flange  areas  are  equal  and  similar,  bisects 
the  web.  Let  w2,  A2,  be  the  width  and 
height  of  half  the  web ;  and  let  w3,  A3,  be 
the  width  and  height  of  one  flange. 
Referred  to  neutral  axis  of  whole  cross- 
section,  the  m.  of  i.  of  one  half  is  repre- 
sented by  formula  (20),  when  the  first 
line  is  omitted,  that  is,  when  all  the  sym- 
bols with  figure  one  subjacent  are  zero. 
Multiply  result  by  2  to  obtain  entire  m. 
of  i. 

To  determine  the  m.  of  i.  of  a  polygon 
with  respect  to  any  axis  normal  to  its 
plane,  pass  through  its  foot  a  pair  of 
rectangular  axes,  and  determine  by  form- 
ula (18)  the  m.  of  i.  referred  to  each  of 
these.  The  sum  is  the  required  m.  of  i. 
One  of  these  axes  can  always  be  passed 
through  a  vertex.  The  statical  moment 
and  area  are  not  required  in  the  solu- 
tion. 

To  determine  the  m.  of  i.  referred  to 
normal  axis  through  center  of  gravity, 
assume  an  axis  in  plane  of  polygon, 
passing  through  two  vertices,  and 
another  which  intersects  this  perpendic- 
ularly at  one  of  these  vertices.  By  form- 
ula (18),  as  illustrated  in  the  example  of 
girder  cross-section,  is  obtained  the  m.  of 
i.  with  respect  to  each  of  a  pair  of  rect- 
angular axes  passing  through  center  of 
gravity.  The  sum  is  the  m.  of  i. 
required. 

Since  formula  (18)  is  perfectly  gener- 
al, it  applies  to  polygons  which  have 
negative  portions,  as  represented  in  Fig. 
4,  p.  293,  April  No.  of  this  Magazine. 
So,  also,  does  the  center  of  gravity  form- 
ula for  polygons.  Such  polygons  are 
met  with  in  practice. 

The  m.  of  i.  of  any  polygon  referred  to 
any  line  in  space,  is  equal  to  the  m.  of  i. 
of  projection  of  that  polygon  on  plane 


normal  to  line,  multiplied  by  the  cosecant 
of  the  angle  which  the  line  makes  with 
the  plane  of  polygon. 

From  the  foregoing  applications  of 
formula  (18)  can  be  found  the  m.  of  i.  of 
any  prism  or  pyramid,  right  or  oblique, 
with  respect  to  any  axis  whatever. 

The  prismoidal  formula,  the  center  of 
gravity  formula,  and  the  moment  of 
inertia  formula  are  similar  in  so  much 
as  that  they  are  co-extensive  in  practical 
application.  For  all,  the  criterion  is  the 
quadratic  equation.  Though  the  first 
rule  applies  to  shapes  represented  by  the 
cubic  equation,  the  additional  shapes  are 
very  rarely  met  with.  Many  shapes  have 
been  described  in  connection  with  each 
formula,  which  to  avoid  repetition  we 
have  not  mentioned  when  discussing  the 
other  two.  Thus,  the  prismoidal  formula 
applies  to  the  circle,  sphere  and  right 
cone,  when  the  generatrices  are,  respect- 
ively, a  varying  circular  circumference,  a 
spherical  surface  and  a  circular  cylindric 
surface,  all  concentric;  and  the  other 
two  formulae  apply  to  all  the  shapes,  for 
which  eq.  (20),  of  article  on  prismoidal 
formula,  is  criterion,  when  q,  the  coeffi- 
cient of  x*,  in  that  expression  is  made 
zero.  The  center  of  gravity  formula 
cannot,  on  account  of  the  nature  of  the 
quantity  it  represents,  be  applied  to 
spaces  described  by  concentric  genera- 
trices ;  but  it  can  properly  be  applied  to 
these  when  the  path  is  considered  to  be 
the  distance  passed  through  in  one 
direction  by  the  center  of  magnitude  of 
generatrix. 

Center  of  gravity  and  moment  of  iner- 
tia formulae  of  wider  application,  but 
depending  upon  the  magnitudes  of  more 
cross-sections,  can  be  constructed,  by 
methods  analogous  to  those  used  to 
obtain  rules,  more  general  than  the  pris- 
moidal, for  magnitudes.  By  such  a 
process  the  moment  of  inertia  formula 
was  constructed.  It  was  not  discovered. 
The  method  of  procedure  was  as  follows : 

The  formula  was  required  to  apply 
between  any  limits  to  all  the  spaces  rep- 
resented by  the  quadratic  equation 

y=za  +  bx  +  cx2.  (5) 

Between  limits  0  and  D, 

radofgyr.=3__|__^;        (21) 
and  the  end  areas  are 
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A=a,  B  =  </  +  £D  +  cD\ 


(22) 


TIh  division  indicated  in  (21)  performed, 
there  is  obtained 


xl>"  + 


(23) 

The  denominator  may  be  represented  by 
V.  That  the  numerator  may  be  expressed 
in  terms  of  A  and  B,  the  numerical  coeffi- 
cients. ($~  A./')  and  ( 1— ^.r),  must  be  equal. 
as  shown  by  (22). 

•"•  i  ~  h'v=l  ~kx">  whence  .v=y!„ 
By  substitution  and  reduction,  formula 
(23)  becomes 

D'(3B-2A). 

D+ 30V~' 

whence  formula  (1).  For  a  cubic  equa- 
tion, two  unknown  quantities  must  be 
employed,  and  so  on. 

The  center  of  gravity  formula,  which 
suggested  the  other,  is  the  result  of  a 
direct  attempt  to  obtain  a  correction 
term  for  the  assumption  that  the  center 
of  gravity  of  an  earthwork  solid  is  in  its 
mid-section.  The  writer  was  surprised 
to  find  that  the  intricate  expression 
which  resulted  could  be  reduced  to  the 
second  term  of  the  center  of  gravity 
formula,  and  still  more  so  to  discover 
that  the  whole  formula  was  apjriicable  to 
numerous  common  shapes.  The  method 
of  procedure  in  this  case  is  published  in 
Van  Nostrand's  Magazine  for  July,  1877. 

Undoubtedly,  many  other  formula?  can 
be  simplified  in  the  same  way,  that  is,  by- 
separation  into  an  approximate  and  a  cor- 
rection term.  The  prismoidal  formula 
itself  can,  for  many  shapes,  be  much 
simplified  by  this  transformation.  Such 
a  form  of  the  prismoidal  rule  has  been 
used  in  certain  calculations.  Formula 
(2),  or  rule  A,  of  article  on  Land  Survey- 


(Uij.  in  April  No.  of  this  Magazine,  was 
found  in  this  way.  It  was  desirable  to 
represent  approximately  by  a  single  term 
the  content  of  a  series  of  trapezoids  or 
solids,  for  a  reason  mentioned  in  first 
paragraph  on  page  297  of  that  article. 
The  correction  became  represented  by  a 
term  for  each  intermediate  ordinate. 
The  correction  terms  in  all  four  cases 
just  noted,  are  each  the  difference 
between  two  similar  quantities,  and  are, 
consequently,  very  easy,  and  may  be  zero. 
and  often  nearly  zero. 


Errata. — The  formula  near  foot  of  p. 
472c,  left  column,  in  article  on  Center  of 
Gravity  in  June  No.,  should  be 

D2 

- (K-A). 

100x9x6x6   v  ; 

This,  with  the  rest  of  the  same  para- 
graph, is  equivalent  with  expression  (23) 
of  same  article.  In  the  single  case,  when 
D=100,  this  formula  reduces  to 


D 


9x6x6 


(K-A), 


the  last  term  of  (22),  which  by  mistake 
was  used. 

The  symbol  (20),  in  last  line,  left 
column,  p.  472&,  should  be  omitted. 

Between  second  and  third  lines,  right 
column,  p.  468,  insert — varies  as  a  quad- 
ratic function. 

The  formula  for  center  of  pressure  on 
submerged  circle,  middle  of  left  column, 
p.  472,  is  for  case  when  the  plane  of 
circle  is  vertical. 

In  the  second  formula  from  foot  of  left 
column,  p.  420,  May  No.  of  this  Maga- 
zine, the  second  minus  sign  should  be 
the  sign  of  equality. 

In  formula  (13),  p.  296,  April  No.,  the 
term  x(r— c)  should  be  x(p— c). 


ELECTRIC  LIGHTING  IN  ENGLAND. 

From  "The  English  Mechanic." 


When  the  committee  was  appointed  to 
inquire  into  systems  of  electric  lighting, 
it  was  pointed  out  that  such  an  inquiry 
could  be  of  little  utility,  because  all  the 
information  to  be  gleaned  was  already 
known.     As  it  happened,  the  committee 


scarcely  reached  the  sixth  witness  before 
obtaining  statements  from  experts  which 
would  have  been  of  great  value  to  the 
shareholders  in  gas  companies  if  made 
some  months  ago.  So  many  men  have 
turned  their  attention  to  the  subject ;  so 
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many  machines  are  now  actually  in  use, 
that  if  the  electric  light  once  more  re- 
tires, it  will  be  a  long  time  before  it  is 
resuscitated.  We  do  not  think  it  proba- 
ble that  it  will  retire,  for  although  it  is 
not  impossible  that  Mr.  Edison's  inven- 
tions in  this  connection  have  been  much 
overrated,  the  exact  position  of  the  elec 
trie  light  is  beginning  to  be  understood, 
and  there  is  a  very  wide  field  of  useful- 
ness open  to  it  without  coming  into  con- 
tact with  gas  as  a  rival.  If  it  can  be 
utilized  in  such  places  as  the  Albert  Hall, 
theatres,  &c,  managers  will  not  study 
economy  too  rigidly,  for  they  know  well 
that  the  intolerable  heat  of  the  gas,  and 
the  absence  of  any  satisfactory  ventila- 
tion keep  many  persons  away.  A  few 
pounds  extra  per  week  will  not,  there- 
fore, prevent  the  introduction  of  the 
light,  if  a  system  thoroughly  satisfactory 
in  other  respects  can  be  devised.  We 
have  previously  alluded  briefly  to  the 
evidence  of  Professor  Tyndall  and  Dr. 
Siemens,  and  the  opinion  of  the  latter, 
no  matter  how  much  he  may  be  pecunia- 
rily interested  in  the  success  of  the  new 
light,  deservedly  carries  great  weight, 
and  will  be  accepted  as  a  trustworthy 
statement  in  favor  of  a  change  in  our 
method  of  illuminating  wherever  the 
new  system  is  applicable.  Mr.  Conrad 
W.  Cooke  is  also  clearly  on  the  side  of 
the  electric  light,  and  did  a  useful  service 
by  pointing  out  that  the  most  compli- 
cated apparatus  was  not  necessarily  the 
one  most  likely  to  get  out  of  order.  A 
locomotive,  for  instance,  is  a  wonderfully 
complicated  machine,  considering  the 
conditions  under  which  it  works,  but  a 
break-down  in  consequence  of  its  com- 
plications is  a  rare  event  indeed  in  rail- 
way working.  Hence,  in  adopting  the 
electric  light  it  would  be  unwise  to  dis- 
card apparently  complicated  apparatus 
which  has  been  well-tried,  for  the  more 
simple  devices,  unless  it  can  be  demon- 
strated that  they  really  give  better  re- 
sults. Speaking  of  the  Serrin  lamp,  Mr. 
Cooke  said  it  might  seem  "frightfully 
complicated"  to  the  inexperienced,  but 
as  a  matter  of  fact  we  know  that  it  is 
one  of  the  best  regulators  at  present  in- 
vented, and  its  one  fault  is  that  with  in- 
different carbons  it  makes  a  noise,  which, 
as  Mr.  Preece  put  it,  would  be  likely  to 
disconcert  singers.  The  carbon  difficul- 
ty is  really  a  crucial  point,  for  if  good 


homogeneous  electrodes  can  be  made  at 
a  cheap  rate  there  are  several  lamps 
which  would  at  once  come  into  extensive 
use  ;  but  if  a  better  material  could  be 
discovered,  electric  lighting  would  take 
quite  a  leap  in  advance.  This  branch  of 
the  subject  is  worth  a  good  deal  of  ex- 
periment, for,  as  we  have  previously 
pointed  out,  the  inventor  of  a  really 
good  substitute  would  undoubtedly  do  a 
large  and  profitable  business.  Mr. 
Cooke  alluded  to  the  difficulty  of  light- 
ing streets,  for  to  subdivide  the  current 
involved  a  great  loss,  whereas  if  large 
and  powerful  lamps  were  used  on  single 
circuits  there  is  more  light  than  is  re- 
quired in  the  vicinity  of  the  lamps,  and 
not  enough,  perhaps,  at  the  limit  of  the 
range.  Much  has  been  written  and  said 
as  to  placing  the  lamps  higher  than  in 
the  experiments  already  made,  but  those 
who  make  that  suggestion  forget  that  the 
illumination  would  decrease  as  the  square 
of  the  distance.  It  may  be  that  the 
lamps  on  the  Embankment  were  not 
high  enough;  they  were  certainly  badly 
placed,  for  one-half  the  light  went  to  il- 
luminate the  darkness  of  the  river;  if 
they  had  been  placed  on  more  lofty  posts, 
the  area  illuminated  might  have  been  in- 
creased, but  at  the  same  time  the  intens- 
ity of  the  illumination  would  have  been 
decreased.  We  have  to  find  out  the  po- 
sition most  advantageous.  Among  the 
statements  elicited  from  Mr.  Cooke  we 
find  the  following : — That  there  is  a  limit 
as  to  the  length  and  strength  of  carbons, 
and  that  the  finest  made  were  a  milli- 
metre in  diameter,  and  a  metre  in 
length  ;  that  where  the  electric  light  was 
used  there  would  be  an  almost  unappre- 
ciable  amount  of  carbonic  acid  produced ; 
that  the  light  was  well  adapted  for  use  in 
drapery  stores,  and  that  its  spectrum  was 
purer  than  that  of  the  sun.  Mr.  Doug- 
lass also  gave  evidence  in  the  form  of  a 
resume  of  his  paper  recently  read  before 
the  Institution  of  Civil  Engineers,  in 
which  the  work  done  by  the  Trinity 
Board  in  adapting  the  light  to  special 
purposes  was  detailed.  Then  came  Mr. 
Preece,  who  stated  that  he  had  not  yet 
been  able  to  devise  a  method  of  utilizing 
the  light  for  the  purposes  of  the  Post- 
office,  though  as  they  spent  £7,000  a  year 
for  gas  they  would  be  glad  to  do  so,  es- 
!  pecially  as  in  one  department  they  had  to 
;  work  all  night,  and  some  difficulty  was 
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experienced  in  getting  rid  of  the  vitiated 
air.  To  tit  up  the  electric  light  in  the 
telegraph  galleries  it  is  necessary  that 
the  lamps  should  be  equal  to  at  least 
1.000  candles  ;  they  must  give  an  abso- 
lutely steady  light,  and  be  capable  of 
burning  all  night  without  requiring  at- 
tention. The  last  condition  it  appears 
involves  a  duration  of  eighteen  hours, 
and  Mr.  Preece  said  that  at  present  he 
had  not  found  any  system  capable  of 
answering  those  three  requirements. 
The  difficulty  was  in  the  lamps.  The 
rin  gave  the  requisite  brilliancy,  but 
not  the  durability  ;  the  Wallace  would 
burn  for  a  week,  but  was  not  steady  ;  the 
Werdermann  was  steady,  but  did  not 
supply  the  other  essentials.  Mr.  Preece 
do^s  not  think  the  electric  light  suitable 
for  street  illumination,  and  corroborated 
the  statements  of  Mr.  Cooke  upon  this 
point.  By  working  the  problem  out  on 
paper  he  had  arrived  at  the  conclusion 
that  a  street  1,000  ft.  long  would  be  bet- 
ter lighted  by  forty  gas-lamps  of  15-can- 
dle  power  than  with  one  electric  lamp  of 
6,000  candles  ;  but  in  symmetrical  spaces, 
such  as  squares,  a  single  light  would  be 
economical.  From  Mr.  Preece's  evidence 
it  also  appears  that  it  would  be  practi- 
cally impossible  to  run  lighting  wires 
anywhere  near  wires  used  for  telegraphic 
purposes  ;  they  must  be  at  least  6ft. 
apart.  Asked  as  to  the  distance  apart 
the  telegraph  wires  were  placed,  Mr. 
Preece  said  that  at  first  it  was  only  6in., 
but  as  work  increased  and  the  apparatus 
improved  in  delicacy  the  distance  had  to 
be  increased  to  13in.,  and  more  for  long 
circuits,  but  they  could  transmit  mes- 
sages from  London  to  Ireland  at  the  rate 
of  150  words  a  minute,  which  would  be 
increased  next  year  to  200,  but  if  wires 
for  lighting  purposes  were  placed  near  it 
would  reduce  the  carrying  capacity  of 
the  telegraph  wires  to  61  words  per  min- 
ute. To  place  the  wires  underground 
would  increase  the  cost  three  or  four 
times,  and  to  some  extent  would  dimin- 
ish the  transmitting  power. 

Dr.  Hopkinson  stated  that  he  had  en- 
deavored to  ascertain  what  the  several 
machines  in  use  would  do  under  varying 
electrical  conditions,  and  what  current 
could  be  produced  at  given  speeds  and 
resistances.  He  found  that  on  an  aver- 
age about  87  per  cent,  of  the  mechanical 
energy  imparted  to  the  machine  was  con- 


verted into  heat,  but   it  was   only  a  por- 
tion of  this   heat  that  was   available  for 
producing  the  light,  about  50  per  cent. 
of  the  mechanical  energy  being  lost    in 
heating     the    machine     and    wires.     Dr. 
Hopkinson  considers   that  a  great  deal 
remains  to  be  done  before   the    electric 
light  can   be   extensively  used,  and   that 
the  scientific  considerations  had  scarcely 
been   touched  in  a   satisfactory  manner. 
M.  Berly,  engineer  to  the   Societe   Gen- 
erate, explained    that    the    light  on  the 
Viaduct  had  not   been  so  successful  as 
that  on  the  Embankment,  owing  to  the 
French  workmen  having    given  way  to 
habits  of   intemperence — another  defect 
which  it  is  to  be  hoped  is  peculiar  to  the 
|  system  employed.     The  cost  of  the  Jab- 
lochkoff  candle  in  England  was  5cl  per 
hour,   but  in  Paris  it  was    only  del — a 
i  statement  we  do  not  pretend  to  under- 
,  stand.     Mr.  Schoolbred  said  that  he  had 
i  20  candles  which  had  replaced  230  gas 
|  burners  ;  the  advantages  were  that  colors 
!  could  be    distinguished    at    night,   the 
1  ceilings  were    not   discolored  nor    the 
goods  damaged,  the  atmosphere  was  not 
I  heated,  and  there  was  no  danger  from 
;  fire.     There  were  some    disadvantages  ; 
i  for  instance,    on   one   occasion   all    the 
|  lights  went  out ;  but  the  advantages  out- 
!  weighed  the  disadvantages.     It  appears 
I  then  that  Mr.  Schoolbred  is  satisfied  with 
;  the  Jablochkoff  candle,  and  has  determ- 
i  ined  to  persevere  with  it  in  spite  of  the 
!  cost,  which  is,  during  the  winter  37s.  3d. 
per  night,  and  9s.  103.  in  the  summer,  for 
20  "candles,"  which,  having  replaced  230 
gas   burners,    are    presumably   each    of 
about  150  candle-power.     If  a  business 
J  man  is  satisfied  with  the  appliances  at 
present  available,  it  will  be  seen  there  is 
much    reason  to   think    that  in   certain 
establishments  the  electric  light  will  be 
preferred,  even  if  it  is  more  costly  than 
gas,  simply  on  account  of  the  advantages 
above   pointed   out.      There    is,    conse- 
quently, sufficient  encouragement  for  in- 
ventors, and  the  next  twelvemonth  ought 
to  witness  a  great  step  in  advance  if  the 
electric  light  is  really  to  become  common 
in  shops  and  streets. 

An  exhibition  of  silk  and  cotton  spin- 
ning   and    weaving    machinery,    textile 
fabrics,  metal  work,  porcelain,  and  chemi- 
cal products  will  be  opened  at  Winterthur 
;  on  July  27th. 
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IRON  AND  STEEL  ARMOR  PLATES. 

From  '*  The  Nautical  Magazine." 


The  contest  between  guns  and  armor 
has  now  been  going  on  for  more  than 
twenty  years,  and  the  ultimate  result 
appears  to  be  as  far  off  as  ever.  While 
in  place  of  the  old  68-pounder  we  now 
have  monster  guns  weighing  80  and  100 
tons,  and  throwing  a  shot  of  nearly  a  ton 
weight,  the  thickness  of  armor  has  in- 
creased from  4J  inches  in  the  Warrior 
to  two  feet  in  the  Inflexible.  It  is  doubt- 
ful if  the  limit  of  thickness  of  armor  has 
even  yet  been  reached;  the  limit  of  size 
in  the  gun  certainly  has  not.  Still  it 
must  be  remembered  that  although  we 
may  expect  to  hear  of  much  larger  guns 
than  any .  at  present  in  existence,  the 
difficulty  and  danger  of  fighting  these 
monsters  on  shipboard  will  be  very 
great,  as  has  been  recently  forcibly 
exemplified  by  the  unfortunate  accident 
on  board  the  Thunderer.  It  is  confi- 
dently expected  on  the  other  hand  that 
something  may  be  gained  on  the  armor 
side  of  the  question  by  the  adoption  of 
some  material  for  armor  plates  which 
shall  offer  more  resistance  to  shot  than 
the  rolled  wrought-iron  plates  hitherto 
used.  In  an  article  some  time  ago,  we 
described  the  process  of  armor  plate 
manufacture  and  the  construction  of  the 
armored  sides  of  modern  ironclads ;  since 
that  time  the  material  used  for  armor 
has  continued  to  be  soft  puddled  iron, 
and  no  very  great  change  has  taken 
place  in  the  arrangements  of  the  iron 
frames  and  skins,  and  wood  backing 
which  form  the  "protected  side"  of  an 
ironclad.  Thus  in  *  the  French  ship 
Devastation,  which  is  the  most  heavily 
armored  full-rigged  ironclad,  the  side 
consists  of  an  inner  skin  \\  inch  thick, 
outside  which  comes  teak  backing  of  12^ 
inches,  consisting  of  logs  running  in  a 
fore  and  aft  direction,  and  then  15  inch 
armor  plates.  The  Italian  Dandolo  and 
Duilio,  which  have  thicker  single  plates 
than  any  other  vessels,  have  an  inner  1£ 
inch  iron  skin,  backing  17J  inches  thick, 
consisting  of  teak  logs  placed  vertically, 
and  having  vertical  iron  frames  between 
them  at  intervals,  the  armor  plate  out- 
side of  this  being  21 J  inches  thick.  The 
English  Inflexible  has  a  side  made  up  of 


an  inner  \\  inch  iron  skin,  backing  6 
inches  thick,  made  up  of  teak  plank 
placed  fore  and  aft,  with  iron  stringers 
between  them  at  intervals,  then  armor 
plates  12  inches  thick,  then  a  backing  or 
rather  a  cushion  of  teak  10J  inches,  con- 
sisting of  logs  placed  vertically,  and  an 
outer  armor  plate- 12  inches  thick.  The 
Inflexible  is  the  first  instance  of  the 
employment  of  two  thicknesses  of  armor 
with  wood  between  them  on  the  armored 
side  of  the  ship,  but  the  sandwich  sys- 
tem, as  it  has  been  called,  has  been 
followed  in  several  cases  in  the  construc- 
tion of  turrets,  in  the  English  ships 
Devastation,  Thunderer,  and  Dread- 
nought, and  also  in  the  Russian  Peter 
the  Great.  We  believe  this  has  resulted 
from  the  practical  difficulty  of  bending 
the  very  thick  armor  to  the  extreme 
shapes  which  are  required  for  turret 
'armor,  or  perhaps  we  should  rather  say 
to  the  difficulty  of  bending  it  without 
injury.  The  Italian  Government  how- 
ever have  even  the  turret  armor  of  the 
Dandolo  in  single  plates  nearly  18 
inches  thick. 

While  thus  armor  has  been  increased 
from  4^  inches  to  24  inches,  the  same 
material  has  been  used  throughout.  The 
quality  of  that  material  is  much  better 
than  in  the  early  days  of  armor  plate 
trials,  as  is  exemplified  by  the  fact  that, 
in  the  early  Shoeburyness  experiments, 
the  plates  were  very  liable  to  crack 
through  the  armor  bolt  holes,  so  much 
so  that  many  devices  were  tried  with  a 
view  to  securing  the  plates  in  such  a 
way  as  not  to  require  holes  through  the 
armor.  The  quality  of  the  armor  has 
been  so  far  improved,  however,  that  for 
some  years  past  the  holes  for  armor 
bolts  have  ceased  to  be  seriously  ob- 
jectionable. 

Within  the  last  few  years,  several  pro- 
posals have  been  put  forward  for  intro- 
ducing new  materials  for  armor  plates. 
We  will  not  spend  much  space  in  notic 
ing  one  of  the  first,  which,  indeed,  had 
more  especial  reference  to  armor  used  in 
land  defenses  than  on  ships.  It  is  ably 
described  in  a  paper  read  before  the 
Institution  of  Naval  Architects,  in  1877, 
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by  Commander  H.  H.  Grenfell.  R.X.. 
and  is  due  to  Herr  Gruson,  of  Magde- 
burg, in  Germany.  It  is.  to  use  cast-iron 
of  superior  quality  for  armor  plates,  and 
to  east  them  in  chill  molds.  '"These  iron 
molds,''  it  is  said,  "chill  the  surface  of 
the  plate  and  give  it  great  hardness  and 
elasticity.  When  sufficient  metal  to 
form  the  plate  has  been  poured  in, 
molten  metal  is  run  round  the  mold 
itself.  By  these  means,  whilst  the  sur- 
face of  the  plate  is  chilled  by  contact 
with  the  mold,  the  interior  is  prevented 
from  cooling  too  rapidly,  and  the  parti- 
cles of  iron  have  time  to  assume  their 
natural  positions,  with  the  result  that 
the  interior  and  inner  side  of  the  plate 
retain  the  high  degree  of  tensile 
strength  which  belongs  to*  the  iron 
used. "  Wrought-iron  plates  are  partly 
penetrated  by  shots  which  cannot  get 
through  them,  and  thus  would  be  liable 
to  be  destroyed  by  a  continuous  fire 
from  guns  of  comparatively  small  caliber. 
The  advocates  of  chilled  cast-iron  armor 
believe  that  it  would  be  absolutely  im- 
pregnable, as  regards  guns  of  less  caliber 
than  those  capable  of  penetrating  it.  It 
is,  however,  admitted  that  a  thicker  plate 
would  be  required  than  in  the  case  of 
wrought-iron  to  resist  complete  penetra- 
tion by  any  given  gun,  and  for  this  rea- 
son alone  it  appears  altogether  improb- 
able that  it  will  ever  be  used  for  ships' 
armor  plates.  It  is  true  it  would  cost 
much  less  than  wrought-iron;  but  the 
great  consideration  in  ironclads  is 
weight,  and  the  armor  which  is  really 
the  cheapest  in  the  end  is  that  which, 
weight  for  weight,  is  the  most  effect- 
ive. This  is  due  to  the  fact  that 
greater  weight  of  armor  necessitates 
larger  displacement,  and  this  requires  a 
larger  area  of  armor,  _  more  powerful 
engines.  &c.,  which  again  further  in- 
crease displacement,  and  so  every  addi- 
tional ton  of  armor  tells  much  more  in 
the  total  expense  of  the  structure  than  in 
its  own  prime  cost,  *  Herr  Gruson' s  cast- 
iron  armor  was  tested  by  shot  from  some 
of  the  Krupp  guns,  and  although  it  was 
reported  to  be  a  success,  the  German 
Government  do  not  appear  to  think  very 
much  of  it,  seeing  that  they  have  used 
ordinary  rolled  plates,  even  on  land 
defenses  constructed  since  the  trials. 
Cast-iron  armor  was  also  tried  at  Spezzia, 
in  the  notable  series  of  experiments  made 


by  the  Italian  Government,  in  November, 

1876,  but  the  results  were  not  at  all  sat- 
isfactory. 

The  proposal  to  adopt  cast-iron  as  the 
material  for  armor  plates,  although  it  led 
to  no  immediate  result,  served  to  direct 
attention  to  the  question  of  the  defects 
of   wrought-iron,   and  also    to    the    con- 
sideration of   means  for  avoiding  them, 
without,  at  the  same  time,  sacrificing  the 
well-known  advantages  of  the  old  materi- 
al.    The  adoption  of  mild  steel  in  place 
of  puddled  iron  for  the  frames  and  skin 
plating  of  war  vessels  has  also  served  to 
bring  about  trials  of  new  materials  for 
armor.     These    trials    are    described   at 
length  in  an  able  paper   recently   read 
before    the    Institution    of    Mechanical 
j  Engineers,   by   Captain   C.   O.   Browne, 
i  R.A.,  of  Woolwich,  and  entitled,  "On  the 
i  Construction  of  Armor  to  resist  Shot  and 
Shell."     Captain   Browne's   paper   gives 
i  an    admirable    resume    of    the    present 
;  state   of   the    armor    question,   and   he 
j  describes    the    more   important    experi- 
I  ments   in   England    upon    wrought-iron 
j  armor  of  the  last  few  years,  as  well  as  the 
Spezzia   experiments   upon   steel   armor 
plates,  and  some  more  recent   trials  of 
composite  iron  and  steel  armor.     First 
he  compares  the  action  of  different  kinds 
of  guns  and  projectiles  upon  armor.  The 
first  large  guns  which  were  used  in  his 
country,  and  those  which  were  for  a  long 
time  after  favored  in  America,  were  de- 
|  signed  to  throw  a  large  shot  with  low 
velocity.     Their  action  upon  armor  was 
to  break  it  up,  and  this  method  was  suc- 
cessful with  the  inferior  plates  at  first 
tried.     We   remember  seeing  the   effect 
of  a  large  gun   known  as  the  Horsfall 
gun,    at    Shoeburyness,    upon   a   target 
representing  the  side  of  the  Warrior ;  a 
breach  was  made  in  the  target,  but  it  was 
a  smash   such  as  suggested  a  waste  of 
force.      As    better    wrought-iron    armor 
was    produced   of    greater  thickness,   it 
was  seen  that  the  best  method  was  to 
pierce  or  punch   rather  than  smash  the 
plate,  and  for  this  purpose  the  present 
style  of  heavy  gun  throwing  a  compara- 
tively small  shot  with  great  velocity  has 
obtained.      The     first    projectiles,    and 
those  best  adapted  for  smashing,  were 
spherical.     Flat-headed   cylindrical  shot 
were  then  tried,  and  they  are  most  effect- 
ive  merely   for   punching   a  hole  in  a 
plate,   but   a   cylindrical    shot   with   an 
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ogival  head  has  been  found  most  effect- 
ive in  penetrating  the  ordinary  armor 
and  backing.  The  flat-headed  shot 
punches  a  hole  through  the  plate  and 
cuts  out  a  disc  from  it  which  meets  with 
great  resistance  in  the  wood  backing. 
The  pointed  shot  on  the  contrary 
punches  a  hole,  but  instead  of  tearing 
out  a  disc  cleaves  the  plate  and  passes 
through  it,  and  then  through  the  wood 
backing.  This  projectile  finds  out  espec- 
ially the  peculiar  weakness  of  the  sand- 
wich system,  and  Captain  Inglis  states 
on  this  point  as  the  result  of  experiment, 
that  the  resistances  of  armor  of  7^-  inches 
thick  made  up  by  one,  two,  or  three 
plates,  varies  respectively  as  100,  96,  and 
89;  and  that  a  single  plate  17£  inches 
thick  is  about  equal  to  three  6^-  inch 
plates  separated  by  5  inch  layers  of  teak. 
If  such  be  the  case,  the  English  ^flex- 
ible with  two  12-inch  armor  plates  must 
be  superior  to  the  Italian  Dandolo  with 
one  plate  21  \  inches  thick;  but  there  is  a 
farther  consideration,  it  is  exceedingly 
difficult  to  make  reliable  armor  plates  of 
the  greater  thickness,  unless  they  be 
narrow,  and  one  result  of  the  Spezzia 
experiments  was  to  prove  the  great 
weakness  of  narrow  plates,  for  every  one 
of  the  thick  plates  broke  across  when 
fired  at  by  the  100-ton  gun. 

In  comparing  the  effect  of  guns  upon 
plates  a  formula  is  used  deduced  from 
practical  experience,  and  by  which  the 
efficiency  of  each  gun  is  expressed  in 
terms  of  the  thickness  of  wrought-iron 
plate  it  is  capable  of  penetrating.  The 
resistance  offered  by  armor  to  penetra- 
tion was  for  some  time  considered  as 
varying  with  the  square  of  the  thickness; 
it  has  been  determined  within  the  last 
few  years  that  the  resistance  varies  with 
the  lT6Q-ths  power  of  the  thickness,  and 
thus  the  gain  of  extra  thick  plates  is  less 
than  was  formerly  supposed.  Using  this 
rule,  and  ascertaining  also  the  striking 
velocity  of  shot  from  a  given  gun  at  a 
given  range,  the  weight  of  shot  also 
being  known,  the  amount  of  penetration 
of  a  plate  of  average  quality  may  be 
made  a  matter  of  calculation,  and  plates 
may  be  matched  against  guns.  If  a  gun 
is  not  capable  of  piercing  through  a 
given  plate,  it  will  obviously  penetrate 
it  to  a  less  depth  than  it  would  be  equal 
to  if  the  plate  were  only  just  a  match  for 
it,  and  this  being  taken  into  account,  the 


results  of  successive  experiments  come 
very  near  the  predicted  result.  It  is 
interesting  to  notice  the  details  of  some 
of  the  experiments  as  showing  exactly 
what  may  be  expected  of  armor  as  re- 
gards the  effect  of  guns  already  carried 
on  board  ships. 

The  38-ton  gun,  as  at  first  tried  in 
1876,  was  fired  with  a  charge  of  130  lbs. 
of  powder  and  a  projectile  weighing  812 
lbs.  By  the  formula  used  by  the  Direc- 
tor of  Artillery,  its  calculated  power  of 
penetration  would  be  19 \  inches ;  it  did 
actually  pass  through  a  sandwich  target 
having  three  plates  each  6^  inches  thick. 
Afterwards  the  38-ton  gun  was  altered  so 
as  to  take  a  larger  charge  of  powder ;  its 
calculated  penetrating  power  was  then 
21  inches,  and  it  was  opposed  to  a  target 
having  a  total  of'  26  inches  of  iron;  it 
penetrated  this  to  a  depth  of  20  inches. 
The  gun  which  recently  burst  on  board 
the  Thunderer  was  a  38-ton  gun,  and 
there  are  no  larger  guns  than  this  afloat 
at  present.  It  is  therefore  of  some 
interest  to  know  that  its  limit  of  penetra- 
tion under  the  most  favorable  circum- 
stances is  21  inches.  The  Inflexible  is 
the  only  ship  in  the  English  Navy  which 
has  armor  exceeding  this  thickness,  and 
the  Dandolo  and  Duilio  are  the  only 
war  ships  in  the  possession  of  any 
foreign  power  which  come  up  to  it. 
Thinner  armor  of  course  is  of  some  use 
against  the  38-ton  gun  when  tha  destruct- 
ive shell  is  substituted  for  the  shot, 
which  merely  penetrates. 

Similar  results  were  obtained  by  the 
tests  of  the  80-ton  gun,  which  has  a  pro- 
jectile weighing  1,700  lbs.,  and  was  in 
the  first  experiments  fired  with  a  charge 
of  370  lbs.,  which  gives  a  calculated  pen- 
etrating power  of  28  inches.  It  was 
tried  against  a  sandwich  target  consist- 
ing of  four  8-inch  plates,  and  actually 
penetrated  25  inches.  The  80-ton  gun 
was  also  chambered  to  take  a  larger 
charge  of  powder,  when  its  shot  would, 
by  the  formula,  go  through  a  solid  plate 
30  inches  thick.  It  was  tried  against  a 
target  containing  32  inches,  which  was 
more  than  a  match  for  it,  and  actually 
penetrated  as  far  as  27  inches.  Experi- 
ments were  also  made  with  shells  both 
from  the  38  and  the  80-ton  guns,  but  the 
experiments  were  made  upon  unbacked 
plates,  which  circumstance  detracts  much 
from  their  value.     On  this  point  Captain 
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Browne  remarks: — "It  would  be  of  great 
practical  value  to  our  fleet  if  it  were 
known  exactly  what  thickness  of  armor 
was  sufficient  to  cause  even  the  largest 
shell  to  explode,  before  it  had  power  to 
fire  the  backing  and  wood  of  the  ship ; 
because  if  a  vessel  were  rendered  secure 
against  being  set  on  lire,  she  might  stall  d 
a  great  quantity  of  shot  fragments  and 
langridge  passing  through  her  side. 
Probably  all  our  newest  ironclads,  say 
those  carrying  over  12  inches  of  armor, 
are  in  this  condition  of  comparative 
safety,  perhaps  many  more;  in  any  case 
this  would  seem  to  be  a  subject  well 
deserving  further  experiment." 

The  most  effective  weapon 
wrought-iron  is,  as  we  have  said,  a  com 
paratively  small  shot  at  high  velocity, 
and  the  most  effective  projectile  one 
which  is  best  adapted  for  punching. 
The  cast-iron  armor  to  which  we  have 
referred  is  of  an  exactly  opposite  charac- 
ter, difficult  to  punch,  easy  to  smash. 
Captain  Browne  dismisses  it  from  con- 
sideration as  a  material  for  ship's  armor. 
He  says  it  has  been  used  in  much  greater 
thickness  than  wrought  iron,*. and,  for  a 
time,  shot  produces  no  apparent  effect, 
but  after  continued  fire  it  cracks,  and 
soon  after  crumbles  to  pieces. 

The  information  which  we  have  as  to 
the  efficiency  of  steel  armpr  is  partly 
derived  from  the  trials  made  with  the 
100-ton  gun,  by  the  Italian  Government, 
at  Spezzia.  A  detailed  account  of  these 
experiments  was  given  by  our  Italian 
contemporary,  Rivista  Marittima,  in  the 
number  for  December,  1876.  Wrought- 
iron  armor  plates  of  English  manufac- 
ture, 22  inches  thick,  were  used  on  some 
of  the  targets,  and  on  others  were  steel 
plates  of  the  same  thickness,  manufac- 
tured by  Schneider  and  Co.,  of  Creusot, 
in  France.  We  are  not  informed  of  the 
precise  character  of  the  steel,  but  we 
should  suppose  it  was  hard  steel,  and  it 
appears  to  have  been  manufactured  by 
the  Bessemer  process,  and  afterwards  by 
hammering.  The  result  of  the  experi- 
ments was  that  the  shot  from  the  100-ton 
gun  went  completely  through  the  iron 
plates  and  the  backing  behind  them, 
showing  that  there  was  much  greater 
penetrating  power  than  was  used  up  by 
the  plate,  but  it  only  just  penetrated  the 
steel  plate.  All  the  plates,  however, 
were   broken.      In   some   other    experi- 


ments with  much  smaller  guns,  the  iron 

plate  was  partially  penetrated,  but  little 
injured,  while  the  steel  plates  showed 
Bigns  of  cracking,  which  clearly  prove 
that  though  superior  to  the  iron  as 
regards  one  very  heavy  bloAv.  they  were 
much  inferior  in  powers  of  resistance  to 
the  fire  of  comparatively  small  guns. 

There  are  also  some  important  results 
of  more  recent  English  trials  of  new 
kinds  of  armor,  but  we  think  they  are 
anything  but  conclusive.  The  first 
series  were  carried  out  at  Shoeburyness, 
the  second  on  board  the  Nettle,  at  Ports- 
mouth. Four  different  kinds  of  plates 
were  tried,  three  of  them  being  combi- 
nations of  iron  and  steel,  the  fourth  was  a 
mild  steel  plate.  One  of  the  combination 
plates  proposed  by  Sir  J.  Whitworth  was 
of  soft  steel  with  hard  steel  plugs 
screwed  into  it  at  intervals.  It  was 
expected  that  the  plugs  would  break  up 
the  shot.  This  plate,  however,  was  not 
made  in  the  way  desired  by  the  inventor, 
and  the  same  was  said  also  of  the  other 
two  combination  plates.  The  first  of 
these  was  made  by  running  molten  steel 
between  two  wrought-iron  plates  which 
were  at  &  welding  heat,  one  iron  plate  was 
J-inch,  the  other  1^-inch,  and  the  total 
thickness  7  inches.  The  second  of  5 
inches  of  steel  and  4  inches  of  wrought- 
iron  was  manufactured  in  a  similar  man- 
ner. The  result  of  the  trials  appears  to 
have  been  that  all  four  of  the  plates 
resisted  penetration  better  than  iron 
plate  of  corresponding  thickness,  but 
were  more  liable  to  rapid  destruction 
from  continual  fire.  So  far  the  con- 
clusion derived  from  the  Spezzia  trials 
appears  to  hold  good  for  all  amior  in 
which  steel  is  used. 

As  regards  power  of  resisting  long 
continued  fire,  iron  armor  appears  fully 
to  hold  its  own,  and  according  to  our 
present  lights,  steel-faced  armor  will 
only  be  adopted,  from  the  consideration 
:  that  no  plate  in  an  engagement  is  likely 
to  be  exposed  to  anything  like  the  ex- 
!  treme  trials  made  for  experiment.  It 
may,  therefore,  prove  the  best  policy  to 
have  plates  which  will  resist  penetration 
rather  than  those  which  are  not  liable  to 
split  and  crack  from  continued  battering. 
It  has  recently  transpired  that,  with  this 
view,  the  Admiralty  have  decided  to  use 
steel-faced  armor  experimentally  on  the 
turrets    of   the   Inflexible.      It   will   be 
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manufactured  by  first  rolling  an  iron 
plate,  and  then  pouring  fluid  hard  steel 
upon  the  red  hot  iron,  it  being  believed 
that  by  this  process  the  two  materials 
become  welded  together.  The  plates 
are  to  be  made  at  the  Cyclops  Works, 
Sheffield.  In  consequence  of  the  uncer- 
tain results  of  the  new  method  of  manu- 
facture, the  Admiralty  have  wisely  deter- 
mined to  subject  every  plate  to  the  fir- 
ing test.  It  is  the  custom  at  present  to 
take  at  random  one  plate  from  a  parcel 
of  armor  plates  and  have  it  fired  at,  the 
acceptance  or  rejection  of  the  parcel 
depending  upon  the  result.  The  new 
compound  plates  will  be  made  of  extra 
length  to  admit  of  one  end  of  each  plate 
being  fired  at,  and  then  the  injured  por- 
tion will  be  cut  off  and  the  plate  used,  if 
the  result  be  satisfactory.  By  this  means 
a  series  of  experiments  will  be  made  upon 
the  resisting  powers  of  steel-faced  plates, 
and  upon  the  results  their  future  will 
materially  depend.  The  Italians  have 
decided  to  use  steel  armor  to  a  large 
extent  in  their  most  recent  ironclads,  the 


Italia  and  Lepanto,  but  the  steel  in  this 
case  is  manufactured  by  M.  Schneider, 
and  is  somewhat  like  the  mild  steel  late- 
ly brought  into  use  in  shipbuilding.  If 
the  compound  armor  should  not  succeed, 
we  would  suggest  that  a  solution  of  the 
question  may  possibly  be  found  in  the 
use  of  a  metal  intermediate  between  the 
mild  steel,  used  in  ordinary  ship  build- 
ing, and  hard  steel,  giving  up  some  of 
the  tenacity  and  endurance  to  be  ob- 
tained only  in  wrought-iron  or  mild  steel 
armor,  and  obtaining  a  greater  resistance 
to  penetration  in  exchange. 

We  believe  that  none  of  the  ironclads 
building  at  present  for  our  Navy  will 
carry  thicker  armor  than  the  Inflexible. 
The  Ajax  and  Agamemnon  are  really 
reduced  copies  of  the  Inflexible,  and 
carry  thinner  armor.  The  time  will 
come,  however,  when  the  question  of  a 
further  increase  in  armor  thickness  will 
have  to  be  considered,  and  it  will  be  well 
if  the  question  of  the  best  material  is 
finally  settled  before  that  time. 


HOUSEHOLD  SANITARY  ARRANGEMENTS. 

From  "The  Building  News." 


In  his  last  Cantor . Lecture  on  "Dwell- 
ing Houses:  their  Sanitary  Construction 
and  Arrangements,"  Dr.  Corfield  took  up 
the  subjects  of  filtration  of  water  and 
dry  systems  of  removing  refuse  matters. 
The  process  of  purification  of  water  by 
filtration  was,  until  recently,  misunder- 
stood. For  a  long  time  it  was  thought 
that  water,  in  passing  through  a 
pervious  material,  was  simply  mechanic- 
ally strained  to  the  extent  of  separating 
from  it  the  grosser  suspended  particles. 
When  it  was  noticed  that  some  of  the 
dissolved  matters  were  eliminated  from 
the  filtered  water,  it  was  still  supposed 
that  these  accumulated  in  the  filter,  and 
that  they  would  in  time  choke  it  up. 
.  The  action  of  a  filter  was,  however,  not 
only  to  strain  the  water,  but  so  to 
subject  it,  when  finely  divided,  to  the 
action  of  the  air,  that  organic  matters, 
whether  suspended  or  dissolved,  were 
oxidised  by  it  and  changed  from  putres- 
cible  substances  to  minerals  no  longer 


liable  to  change,  and  incapable  of  affect- 
ing the  health  of  those  drinking  them. 
These  facts  explained  the  reasons  why  fil- 
tration to  be  thoroughly  effective,  should 
be  both  downward  and  intermittent — 
downward,  because  then  the  water 
descended  by  its  own  weight  in  minute 
streams,  and  was  less  likely  to  be 
forced  through  the  porous  material 
en  masse,  driving  the  air  before 
it ;  and  intermittent,  to  give  time 
to  the  filtering  substance  to  re-ab- 
sorb air  in  place  of  that  used  during 
the  purification  of  the  water.  A  compen- 
satory advantage  of  upward  filtration  was 
that  when  it  was  adopted  there  was  some 
guarantee  that  all  the  water  had  actually 
passed  through  the  filter.  In  illustration 
of  the  necessity  for  sharply  looking  after 
all  household  filters,  to  insure  that  they 
were  in  good  order  and  in  use,  Profes- 
sor Corfield  mentioned  that  a  .London 
medical  man,  who  was  very  particular 
about  sanitary   matters,   suspected  that 
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the  filtration  of  Ms  drinking-water  was 

not  so  thorough  as  it  ought  to  be.  On 
examining  his  cistern  he  found  that  the 
filter  had  been  carefully  adjusted  so  as  to 
purify  the  water  passing  into  the 
servants'  water-closets,  whereas  the 
domestic  supply  for  drinking  purposes 
was  not  submitted  to  the  process. 

Having  explained  the  principles  of  fil- 
tration by  familiar  illustrations,  and 
referred  to  Dr.  Frankland's  experiments, 
the  lecturer  proceeded  to  describe  a 
number  of  filters  exhibited  on  the  table. 
In  those  of  the  London  Water  Purifying 
Company,  the  water  passed  upwards 
from  the  large  cistern  through  pores  in  a 
vase;  from  thence  it  passes  out  at  the 
top  through  a  little  cup  full  of  holes,  and 
so  into  pipes  by  which  it  is  drawn  off 
into  the  pipes  upon  the  siphon  principle. 
In  these  niters  all  the  water  used  must 
have  passed  through  the  filter,  and  it 
would  continue  in  action  for  an  almost 
indefinite  period. 

Concerning  the  silicated  carbon  filter, 
the  opinion  was  pronounced  that  the 
filtering  material  was  exceedingly  good, 
not  being  liable  to  contain  living  organ- 
isms. For  filtering  purposes  both  animal 
and  vegetable  charcoal  were  employed. 
The  latter  material  was  very  inferior — it 
not  only  gave  off  salts  into  the  water, 
but  was  less  effective  in  straining  the 
liquid.  Animal  charcoal  was  not  always 
sufficiently  burnt ;  and  when  any  animal 
substance  remained  uncalcinecl  in  the 
center  of  the  cake  of  charcoal,  it  became 
a  breeding-place  for  minute  red  worms. 
In  using  charcoal,  therefore,  it  was  nec- 
essary to  see  that  it  was  of  animal  origin, 
and  that  it  was  thoroughly  burnt.  It 
ought  to  be  frequently  cleansed,  and 
occasionally  scraped.  Sponge  was  often 
used,  as  it  was  an  exceedingly  unalter- 
able substance :  but  it  needed  more 
frequent  washing,  or,  better  still,  should 
be  replaced  at  short  intervals,  as  it  har- 
boured small  worms.  In  too  many  fil- 
ters, much  of  the  water  passed  over  the 
siu'face  only  of  the  porous  material.  The 
best  forms  of  charcoal  filter  were  those 
in  which  two  blocks  were  used,  the  first 
acting  as  a  strainer.  A  well-known  char- 1 
coal  filter  was  Atkins',  known  as  the . 
Admiralty  pattern,  of  which  several ! 
varieties  were  shown.  In  almost  all  j 
filters  the  water  should  be  run  off  every  | 
night,  to  allow  of  re-aeration.  This  must  I 
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not  be  done  with  the  spongy  iron  filters 
of  Bischof,  in  which  the  material  must 
always  be  kept  under  water.     By  means 
j  of  diagrams  and  specimens,  the  action  of 
i  these    filters    was    explained,    it    being 
shown  that  the  water  entered  the  filter 
by  a  ball-cock  arrangement,  and  passed 
down  by  a  tube  to  near  the  bottom  of 
the  vase;  it  then  rose  through  holes  in 
a   plate   through   the  spongy    iron,  and 
was  drawn  off  at  the  top.     In  passing 
through  the  iron  the  water  took  some  of 
its  particles  up,  and  was,  therefore,  after- 
wards run  through  a  layer  of  prepared 
sand.     In  order  to  aerate  the  water,  it 
was  next  spurted  through  a  minute  hole, 
falling  as  spray  into  a  pure- water  reser- 
voir.    The  principles  of  action  of  this  fil- 
ter were,  not  yet  clearly  understood,  but 
its  results  were  the  destruction  of  organ- 
ic substances  in  a  different  manner  to 
that  effected  by  using  either  charcoal  or 
sand.     In  the  aerating  filter  of  the  Sani- 
tary Engineering  and  Ventilating  Com- 
pany, the  air  that  passed  out  of  the  pure- 
water  chamber  rose  through  the  filtering 
material,  and  hence  there  was  no  need  of 
the     tube    for  the     exit    of     air    pro- 
vided   in    almost    all   filters.      In    this 
filter  water  passed    into   a   loose   vase, 
and   through  a    cake    of    silicated    car- 
bon, being   subsequently  squirted  upon 
other  loose  filtering  material.     The  plate 
supporting    this    second    mass,   instead 
of  being  flat,  as  in  ordinary  filters,  was 
raised  in  parts,  with  small  holes  both  in 
the  elevated  and  depressed  portions,  so 
that  the  air  displaced  by  the  water  escaped 
through  the  higher  portions  of  the  plate. 
For  use  in  a  room  the  common  glass  vase 
containing  a  cake  of  charcoal  was  suitable, 
as  its  perfect  cleanliness  could  be  seen  at 
a  glance.     An  improvement  was  a  handle 
to  the  upper  vase,  so  that  when  raised  it 
did  not  drip.     A  good  method  for  filter- 
ing rain-water,  for  use  in  country  places, 
was  that  designed  by  Professor  Rolleston, 
of  Oxford.     It  was  a  tank  divided  into  a 
large  and  small  compartment,  with  a  layer 
of  filtering  material  passing  through  both 
divisions,  and   resting   on  a  perforated 
frame.     The  rain-water  was  received  near 
bottom  of  the  smaller  compartment,  and, 
rising    through    the    filtering    medium, 
flowed  over  the  diaphragm  into  the  large 
compartment,  where,  passing  by  gravita- 
tion  through   the    second    filter-bed,  it 
flowed    away.      The    water     was     thus 
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subjected  to  both  upward  and  down- 
ward nitration.  A  waste-pipe,  to  obviate 
overflow,  was  an  essential  to  this  filter. 

The  lecturer  then  passed  on  to  his 
second  topic,  the  removal  of  refuse  from 
houses  by  "dry  systems."  " Dust"  ought 
to  be  nothing  but  what  its  name  im- 
ported, household  dust  and  ashes;  but, 
as  a  fact,  all  kinds  of  refuse  found  their 
way  into  the  dust-bin,  creating  much 
nuisance.  All  organic  refuse  from  the 
kitchen  ought  to  be  placed  on  the  kitchen 
fire  at  night,  when  it  would  help  to  light 
the  fire  in  the  morning,  and  would  be  in- 
offensive, as  every  one  could  see  by  ex: 
periment.  The  difficulty  of  dealing  with 
dust  was  a  growing  and  increasingly  ex- 
pensive one.  A  few  years  since,  when  it 
was  largely  used  for  brick-making,  it  was 
a  valuable  product,  but  now,  contractors, 
instead  of  offering  considerable  sums  for 
the  privilege  of  removing  it,  required 
payment  for  taking  it  away.  Thus,  at 
Islington,  the  contractor  a  few  years 
since  offered  £2,200  a  year  for  the  dust, 
and  this  year  the  accepted  tender  cost 
the  parish  £4,057.  One  of  the  first  sani- 
tary laws  was  that  all  refuse  matter 
should  be  removed  as  speedily  as  possi- 
ble, but  owing  to  the  expense  of  carting 
away  a  valueless  material  our  dust-bins 
were  emptied  as  seldom  as  possible  with- 
out becoming  an  absolute  nuisance. 
Where  practicable,  dust-bins  should  not 
be  allowed  to  abut  on  the  walls  of  a 
house,  and  in  no  case  should  a  rain- 
water pipe  be  permitted  to  pass  through 
them;  much  injury  to  health  resulted 
from  a  combination  of  these  errors.  If 
the  space  was  so  limited  that  the  bin 
must  rest  against  the  house,  it  should  be 
well  cemented  to  prevent  the  percolation 
of  air  through  the  walls,  and  a  rain-tight 
cover  (happily  made  compulsory  in  the 
metropolis)  should  be  fitted  to  it.  But 
he  must  pass  on  to  speak  upon  our  meth- 
ods of  treating  excretal  matters  in,  and 
their  removal  from  the,  house.  The  very 
name  of  these  methods,  "conservancy 
plans,"  was  self-condemnatory,  for  the 
householder's  aim  should  be  to  get  rid 
of  excretal  and  other  refuse  as  speedily 
as  possible.  The  first  of  these  methods 
was  by  digging  pits  or  cesspools  in  the 
adjacent  ground,  or  even  under  the  house, 
as  a  receptacle.  When  these  were  in 
fashion,  it  was  thought  so  much  the  bet- 
ter if  the  soil  were  porous,  for  then  the 


liquid  matter  would  drain  off,  and  they 
would  need  emptying  the  less  often.  The 
inevitable  result  was,  that  in  loose  soils 
the  wells  became  contaminated,  and  chol- 
era and  typhoid  and  other  fevers  pre- 
vailed. Opinions  changed,  and  cesspools 
were  afterwards  made  with  impervious 
walls,  so  that  the  contents  were  kept  in, 
connection  being  sometimes  made  with 
a  land  drain  or  sewer.  The  last  modifi- 
cation was  yet  largely  practised  in  Paris 
for  the  sake  of  the  manure ;  in  that  city, 
as  visitors  had  seen,  open-mouthed  pipes 
passed  from  every  floor  to  the  cesspool, 
and  as  the  only  ventilation  was  by  pipes 
to  the  roof  level,  the  method  was  exceed- 
ingly offensive.  In  that  city  the  recep- 
tacles were  emptied  by  means  of  air-tight 
carts,  previously  exhausted  of  air,  and  at- 
tached to  the  cesspool  to  suck  up  the  con- 
tents— a  practice  no  one  who  had  ob- 
served it  in  operation  would  wish  intro- 
duced into  England.  In  many  parts  of 
this  country  the  dust-heap  was  made  the 
receptacle  of  all  refuse,  the  liquids  being 
absorbed  by  the  ashes.  In  some  towns 
these  "midden  heaps"  were  of  enormous 
size,  as  in  Liverpool,  and  were  even  suf- 
fered to  accumulate  in  the  houses.  Wher- 
ever they  existed  the  mortality,  especially 
amongst  children,  was  very  great.  The 
improvements  in  these  dry  systems  were 
always  twofold,  consisting — first,  in  mak- 
ing the  receptacles  smaller;  and  second, 
in  rendering  them  impervious  to  water. 
The  first  alteration  necessitated  more  fre- 
quent cleansing;  the  second  insured  that 
the  refuse  should  be  less  liable  to  moist- 
ure— one  of  the  essential  conditions  of 
decomposition.  Cesspools  were,  as  knowl- 
edge of  sanitary  laws  increased,  reduced 
to  movable  receptacles,  as  in  many  parts 
of  France,  and  the  liquids  were  allowed 
to  pass  off  into  drains  and  the  solids  re- 
moved, as  in  Chesshire's  system.  Pails 
and  tubs  were  placed  below  the  seats  of 
closets,  as  at  Edinburgh,  Manchester,  and 
Birmingham.  The  danger  of  these  plans 
was  -that  these  foul  substances  were  al- 
lowed to  remain  in  the  house  too  long. 
Such  receptacles  should  have  a  spring 
lid,  with,  india  rubber  edges,  to  enable  it 
to  fit  as  tightly  as  possible.  At  Hull,  a 
watertight  receptacle  was  placed  beneath 
each  closet  and  periodically  removed,  and 
even  this  small  improvement  had  led  to 
a  reduction  of  the  death-rate  of  that  town. 
Dr.  Bayliss,  medical  officer  of  health  for 
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West  Kent,  had  devised  a  shaft  rising 
from  the  receptacle  above  the  roof:  the 

lecturer  had  examined  instances  of  it  in 
use,  and  considered  it  worked  well  iu 
cottages.  Alorrell's  self-acting  cinder- 
sifting  ash  closet  (of  which  a  model  was 
shown),  had  attached  above  and  behind 
the  closet  a  receptacle  for  cinders,  of 
which  the  larger  ones  were  retained  in  a 
sieve,  and  might  be  re-burnt.  By  the 
movement  of  the  seat  the  ashes  were 
sifted  and  fell  into  a  hopper,  being  jerked 
upon  the  deposit  when  the  seat  rose,  and 
so  rendering  it  comparatively  inoffensive. 
An  undoubted  advantage  in  this  closet 
that  it  separated  the  large  cinders 
for  re-use  on  the  fire.  The  Goux  system 
consisted  of  a  double  pail  placed  beneath 
the  closet,  having  an  absorbent  material 
between  the  two  pails.  The  dry-earth 
system  was  brought  into  prominent 
notice  by  the  Rev.  Henry  Moule.  He 
pointed  out  that  dry  earth  formed  a  per- 
fectly odorless  compound  with  excretal 
matter,  and  that  it  could  be  used  again 
and  again  if  re-dried.  For  large  commu- 
nities, however,  the  system  was  perfectly 
impracticable.  First  there  would  be  con- 
siderable difficulty  in  procuring  in  large 
towns  a  sufficient  quantity  of  dry  earth. 
Then  there  would  be  further  difficulty  in 
getting  rid  of  the  compost,  owing  to  the 


fact — only   admitted   after    considerable 

experiment — that  it  was  not  a  valuable 
material  manurially.  The  organic  sub- 
stances were  so  decomposed  into  their 
constituent  carbonates  and  nitrates,  some 
of  the  latter  being  probably  given  off  as 
free  nitrogen,  that  after  the  earth  had 
been  re-used  six  or  seven  times  it  pos- 
sessed no  greater  agricultural  value  than 
ordinary  garden  mould.  An  insuperable 
objection  was  that  in  towns  it  would  be 
liable  to  be  used  by  careless  persons,  who 
let  slops  and  other  liquid  refuse  mix  with 
it,  and  so  hasten  decomposition,  and  the 
apparatus  itself  might  get  out  of  order. 
There  was  also  the  peril,  the  extent  of 
which  was  yet  unknown,  that  although 
the  substances  were  deodorized  they 
might  not  be  disinfected,  and  so  might 
propagate  disease.  The  system  was, 
however,  the  best  for  temporary  collec- 
tions of  people,  as  at  volunteer  encamp- 
ments or  cattle  shows,  and  might  be  used 
in  isolated  country  houses.  A  similar 
system  had  been  adopted  for  ages  in 
China,  and  had  been  the  means  of  en- 
abling that  land  to  maintain  an  enormous 
population  without  rendering  the  whole 
country  barren.  Professor  Corfield  an- 
nounced, in  closing  his  address,  that  in 
the  next  two  lectures  the  water  carriage 
systems  of  removal  would  be  considered. 


STREET  PAVEMENTS. 

A  Paper  read  before  the  Institution  of  Civil  Engineers. 

STREET  CARRIAGEWAY  PAVEMENTS.     By  Mr.  GEORGE  F.  DEACON,  M.  Inst.  C.E. 

WOOD  AS  A  PAVING  MATERIAL.     By  O.  H.  HOWARTH,  A.I.C.E. 


With  respect  to  the  figure  of  stone 
sets,  the  author  explained  that  in  order 
to  secure  stability  their  depth  should  be 
greater  than  any  other  dimension ;  but 
the  length  should  be  greater  than  the 
width  in  order  to  facilitate  breaking 
joint.  His  conclusions  might  be  thus 
summarized — Hard  stone,  in  which  joints 
were  unnecessary  for  foothold. 

Depth.  Width.  Length. 

In.  In.  Sets.  In.  In.  In. 
Sets  for  moderate  traffic  6  to  6£  4  to  14  5  to  7 
Sets  for  heaviest  traffic  7  to  l\    4  to  14    5  to  7 

Softer  stones,  in  which  joints  were  un- 
necessary for  foothold. 


Depth.  Width.  Length. 
In.   In.  Sets.  In.  In.  In. 
Sets  for  light  traffic  or 
inclines 6  to  6£    3  to  14    5  to  7 

A  crucial  examination  of  many  classes 
of  pavements  had  satisfied  the  author, 
in  1871,  that  those  jointed  with  asphalt 
retained  their  figures  better,  and  wore 
out  less  rapidly,  than  any  others.  This 
method  of  jointing,  however,  was  often 
very  indifferently  performed.  Since  that 
date  all  the  Liverpool  pavements  had 
been  jointed  in  this  manner  with  great 
advantage ;  and  all  those  subject  to 
heavy  traffic  had  been  constructed  with 
Portland  cement  or  bituminous  concrete 
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foundations.  The  mode  of  constructing 
the  foundations  and  pavements  differed 
in  some  important  respects  from  that 
generally  adopted,  and  was  fully  ex- 
plained. The  Portland  cement  concrete 
was  mostly  prepared  in  a  yard,  and  not 
in  the  street  where  the  work  was  going 
on ;  and  the  author  had  proved,  by  a 
large  number  of  conclusive  experiments, 
that  no  loss  of  strength,  but  probably  a 
slight  gain,  arose  from  allowing  such 
time  as  was  occupied  in  cartage  to  elapse 
between  mixing  and  placing  in  situ. 
Carriageways  of  bituminous  concrete,  or 
asphalt  macadam,  were  next  described. 
The  smaller  stones  used  for  the  upper 
layer  of  such  pavements  should  not  be 
much  harder  than  the  asphalt  itself.  A 
large  area  of  this  pavement  had  been 
constructed  in  Liverpool,  and  on  sani- 
tary grounds  the  system  would  probably 
be  extended  over  many  back  streets. 

After  describing  his  experience  of  wood 
pavements  in  Liverpool,  the  author  drew 
the  conclusions  that  like  stone  pave- 
ments, they  should  be  provided  with 
concrete  foundations,  the  joints  should 
be  very  close,  and  the  blocks  should  be 
creosoted. 

Much  difference  of  opinion  existed  as 
to  the  best  mode  of  finishing  or  blinding 
the  surface  of  macadamized  pavements. 
Under  a  15-ton  steam  roller,  preceded  by 
a  watering-cart,  1,200  yards  of  trap-rock 
macadam,  without  blinding,  could  only 
be  moderately  consolidated  by  twenty- 
seven  hours'  continuous  rolling.  If 
blinded  with  trap-rock  chippings  from  a 
stone-breaker,  the  same  area  might  be 
moderately  consolidated  by  the  same 
roller  in  eighteen  hours.  If  blinded 
with  silicious  gravel  from  f  inch  to  the 
size  of  a  pin's  head,  mixed  with  about 
one-fourth  part  of  macadam  sweepings 
obtained  in  wet  weather,  the  area  might 
be  thoroughly  consolidated  in  nine  hours. 
Macadam  laid  according  to  the  last  meth- 
od wore  better  than  that  laid  by  the 
second,  and  that  laid  by  the  second  much 
better  than  that  laid  by  the  first. 

In  order  to  compare  the  wear  of  differ- 
ent classes  of  pavements,  the  author  had 
reduced  the  traffic  to  tons  per  annum 
per  yard  width  of  the  carriageway,  and 
in  the  following  tables  he  compared  the 
total  annual  cost  of  various  pavements 
when  subjected  to  a  standard  traffic : 
(See  Table  on  following  page.) 


With  a  traffic  of  40,000  tons  per  an- 
num for  every  yard  in  width  of  carriage- 
way, the  figures  for  the  last  three  pave- 
ments were  as  follow : 

(See  Table  on  following  page.) 

From  inquiries  made  with  reference  to 
the  loads  drawn  by  horses  since  the  new 
Liverpool  pavements  were  constructed, 
as  compared  with  the  loads  drawn  on  the 
old  pavements,  and  without  giving  credit 
for  the  great  reduction  of  wear  and  tear 
of  horses  and  vehicles,  the  author  esti- 
mated that  there  was  a  saving  in  the  cost 
of  cartage  alone  exceeding  £10,000  a 
year  for  every  mile  of  such  pavement  as 
now  laid  in  the  Dock  line  of  streets  in 
Liverpool. 

Of  all  pavements  for  street  carriage- 
ways macadam  appeared  to  the  author  to 
be  the  least  satisfactory.  It  was  the. 
most  costly,  the  dirtiest,  and,  on  the 
average  of  all  kinds  of  weather  and  all 
conditions  of  repair,  probably  involved  a 
greater  traction  for  a  given  load  than 
any  of  the  other  systems  when  thorough- 
ly well  laid.  Its  dirtiness  consisted  not 
only  in  the  excessive  mud  of  wet  weather, 
and  the  excessive  and  impure  dust  of  dry 
weather,  but  also  in  the  facility  with 
which  organic  impurities  were  absorbed 
by  it,  decomposed  within  it,  and  exhaled 
to  the  atmosphere.  In  country  roads 
.this  objection  was  insignificant,  and  no 
other  pavement  was  better  than  well 
maintained  macadam;  but  in  some  of 
the  carriage-ways  of  the  west  end  of 
London  one  would  regard  it  as  intoler- 
able, had  it  not  been  tolerated  so  long. 
To  the  unsophisticated  provincial  the 
manner  in  which,  on  a  hot  July  day,  fash- 
ionable London  rolled  over  her  tainted 
macadam  pavements,  apparently  without 
even  smelling  them,  was  a  mystery  al- 
most as  great  as  surrounded  the  fact 
that  the  metropolis,  alone  among  the 
great  centers  of  civilization  in  this  coun- 
try and  in  the  world,  still  submitted  with 
apparent  satisfaction  to  an  intermittent 
water  supply,  impure  at  times  in  almost 
every  household,  however  pure  the  source 
of  that  supply  might  be,  when  with  ab- 
solute pecuniary  benefit  a  constant  sup- 
ply might  be  obtained. 


The  second  paper  was  on  "  Wood  as  a 
Paving  Material  under  Heavy  Traffic," 
by  Mr.  O.  H.  Howarth,  Assoc.  Inst.  C.E. 

The  primary  point  into  which  the  con- 
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Description  of  Pavement. 


No.  1.  Hard  stone.  ) 
Gravel  joints.  Hand-  (• 
pitched  foundation..  ) 

No.    '.2.       Hard    stone.  "* 
Asphalt  joints.    Port- 
land cement  concrete 
foundation 

No.    3.      Hard    stone.  * 
Asphalt  joints.    Bitu- 
minous concrete  foun- 
dation   

No.  4.     Medium  stone.  " 
Asphalt  joints.    Port 
land  cement  concrete  ' 
foundation 

No.  5.  Medium  stone. 
Asphalt  joints.  Bitu- 
minous concrete  foun- 
dation   j 

No.  6.  Bituminous  con- ) 
crete j 

No.  7.  Wood,  creosoted.  J 
Bituminous  concrete  >■ 
f  oundatiun ) 

No.  8.  Macadam  hand-  ) 
pitched  foundation  . .  j 
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Remarks. 


Old  Liverpool  pave- 
ments. 

fNow  constructed 
in  Liverpool  for 
heavy  traffic. 


Ditto        ditto. 

'  Ditto  for  light 
traffic,  or  steep 
gradients,  and 
junctions  of 
streets. 

Ditto        ditto. 

Ditto  for  back 
streets,  and  for 
street  carriage- 
ways of  very 
light  traffic. 

Prices  if  con- 
structed by 
Corporation. 

In  Liverpool  for 
the  suburban 
roads. 


Description  of  Pavement. 

Original  cost  per 
square  yard  at 
present  prices. 

Interest  on 

original  cost  at 

4£  per  cent. 

Sinking  fund  in- 
vested at  3  per 
cent,  compound 
interest. 

Maintenance  per 

square  yard  per 

annum. 

Scavenging  per 

square  yard  per 

annum. 

Graveling  per 

square  yard  per 

annum. 

Total  annual  cost 
per  square  yard. 

*     d. 

d. 

d. 

s.   d. 

d. 

d. 
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No.  6. 

Bituminous  concrete 
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2.0 

— 
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— 

1     1.4 

No.  7. 

Wood 

15    1.5 

7.5 

4.3 

0  10 

2.7 

5.0 

1    8.5 

No.  8. 

Macadam 

6    9 

3.4 

— 

1     0 

8.0 

— 

1  11.4 

flicting  details  of  the  street  pavement 
problem  could  usually  be  resolved  was 
simply  this  :  That  the  conditions  of  road 
surface  demanded  by  the  two  main  ele- 
ments of  street  traffic,  viz.,  the  power 
and  the  load,  were  almost  essentially  op- 
posed. That  was,  the  surface  most  fav- 
orable to  the  intermittent  tractive  action 
of  horses  was  not  the  one  best  adapted 
for  the  transmission  of  rolling  load.     Te 


reconcile  these  conditions,  so  as  to  render 
them  the  least  obstructive  to  each  other, 
was  the  practical  aim  of  road  paving.  • 

A  series  of  observations,  collected 
during  the  past  three  years,  tended  to 
show  that  against  all  the  discrepancies 
which  rendered  comparisons  of  street 
traffic  doubtful,  opposite  conditions  had 
been  found  to  arise  by  which  they  were 
compensated  in  the  long  run  ;    and  that , 
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on  the  whole,  the  effect  of  such  minor 
irregularities  was  largely  controlled  by 
the  element  of  weight.  Upon  this  con- 
sideration it  became  evident,  that  the 
formula  of  direct  weight  per  unit  of 
roadway  width  was  that  which  must 
afford  the  least  erroneous  datum  for  re- 
ducing large  series  of  traffic  observa- 
tions, taken  under  fixed  rules  respecting 
the  conditions  to  be  noted.  The  system 
adopted  by  the  author  aimed  at  obtain- 
ing reliable  averages,  by  short  and  defi- 
nite observations  properly  distributed, 
rather  than  from  continuous  counts  over 
an  isolated  series  of  hours.  The  observ- 
ations were  collected  by  half-hours  only, 
at  fixed  periods  throughout  the  day  of 
sixteen  hours,  from  7  a.m.  to  11  p.m.  in 
every  case ;  such  half-hours  being  re- 
spectively observed  again  on  other  days 
at  the  same  points  and  in  different  con- 
ditions of  weather.  The  remaining  night 
hours  affording  a  traffic  small  in  propor- 
tion, and  at  the  same  time  subject  to 
great  irregularity  with  variable  circum- 
stances, were  excluded,  as  vitiating  the 
averages  required.  The  system  of  short 
observations,  while  undoubtedly  leading 
to  a  highly  corrected  comparative  figure, 
was  also  found  to  facilitate  the  notes  re- 
specting weight,  which  were  of  necessity 
collected  simultaneously  with  them.  The 
traffic  was  divided  under  seven  heads; 
for  the  most  numerous  and  important  of 
which  the  empty  weights  could  be  ascer- 
tained with  precision,  and  the  ordinary 
description  of  load  estimated  without 
any  serious  or  cumulative  error.  These 
averages  sufficed  to  show  how  widely  the 
actual  wear  and  tear  upon  any  given 
roadway  might  be  misconceived,  in  the 
light  of  a  merely  general  or  numerical 
estimate. 

Experience  afforded  by  recent  trials 
pointed  to  the  conclusion  that  the  true 
theoretica]  condition  under  which  wood 
should  be  used  was  that  of  a  continuous 
and  uninterrupted  suaface.  If  a  whole 
street  could  be  conceived  to  be  paved 
with  a  single  slab  or  section  of  fir  timber, 
the  surface  well  inlaid  with  clean  grit  or 
large  sand,  such  road  would  (apart  from 
expansive  action)  present,  without  com- 
parison, the  fairest  test  of  the  durable 
qualities  of  the  material. 

Upon  the  basis  of  these  principles  the 
system  of  paving  with  wood,  known  as 
Henson's,  was  introduced  in  1875,  having 


for  its  object  the  testing  of  the  previous 
theory,  that  artificial  structural  foothold 
was  indispensable  to  afford  a  fulcrum  for 
tractive  power,  as  well  as  to  show  the 
value  of  real  continuity  of  surface,  by 
providing  the  nearest  possible  approach 
to  an  uninterrupted  area  of  wood  only. 
The  aim  of  the  experiment  was  primarily 
to  lay  the  blocks  "  heart  to  heart,"  upon 
a  sound  weight-bearing  foundation,  so  as 
to  present  a  continuous  and  uniform  sur- 
face of  wood  on  end.  To  such  a  con- 
struction the  only  foreseen  obstacle  was 
the  variable  expansion  and  contraction 
inseparable  from  that  material  under 
varying  atmospheric  conditions ;  and 
this,  when  accumulated  over  a  large  area, 
would  doubtless  have  been  of  sufficient 
extent  to  become  detrimental  to  the  effi- 
ciency of  a  road  pavement.  With  a  view 
to  meet  this,  it  was  borne  in  mind  that 
the  action  of  capillary  expansion  in  wood 
was  one  that  must  be  regarded  as  exer- 
cised slowly,  through  the  minutest  dis- 
stances  ;  but  accumulated  in  proportion 
to  the  area  of  material  subject  to  it. 
The  compensation  for  such  an  expansion 
could  therefore  only  be  uniformly  effected 
over  a  large  area,  by  providing  for  the 
absorption  of  minute  portions  of  it  at 
the  smallest  possible  intervals,  establish- 
ing a  series  of  minute  compensations 
throughout  the  entire  structure.  The 
substance  which  was  found  in  practice 
to  be  most  available  for  this  purpose  was 
ordinary  roofing-felt,  from  l-16th  to 
l-8th  inch  thick,  a  strip  of  which,  cut  to 
the  same  width  as  the  depth  of  the 
blocks,  was  interposed  between  each 
course,  and  thus  formed  a  close  and  yet 
slightly  elastic  joint.  In  laying  this 
pavement  the  system  was  adopted  of 
driving  up  the  blocks,  as  every  eight  or 
ten  courses  were  laid,  by  heavy  mallets 
and  a  plank  laid  along  the  face  of  the 
work,  attention  being  given  to  the  even 
range  of  the  courses  as  this  proceeded. 
The  joint  was  thus  closed  as  completely 
as  possible,  leaving  only  the  actual  fabric 
of  the  felt  to  take  up  the  expansion,  and 
by  the  mutual  support  of  the  blocks  sav- 
ing them  from  the  rapidly  destructive 
action  of  spreading  at  the  edges.  The 
protection  of  the  wood  was  further  en- 
hanced by  a  layer  of  similar  felt  over  the 
whole  surface  of  the  concrete  foundation 
upon  which  the  superstructure  of  wood 
was  cushioned     Results  tended  to  show 
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that  the  several  f mictions  of  this  simple 
construction  were  correctly  anticipated. 
The  endurance  of  the  wood,  consequent 
upon  its  relief  from  vertical  jarring  and 
the  mutual  support  of  the  edges  of  the 
blocks,  was  increased  by  probably  not 
less  than  one-half  or  two-thirds.  An  \ 
even-grained  well-grown  deal,  of  medium 
weight  and  hardness,  offered  the  best 
conditions  as  far  as  experience  went. 

As  regarded  built  roads,  much  was 
generally  said  upon  the  question  of  elas- 
ticity above  alluded  to;  and  it  is  one 
very  commonly  misapprehended.  Dis- 
tinction was  not  made  between  two 
widely  different  theories — viz.: — Was 
road-elasticity  requisite  as  it  affected  the 
traffic,  or  was  it  desirable  as  concerned 
the  road  itself?  Within  limits,  it  was  as 
advantageous  to  one  as  it  was  detri- 
mental to  the  other.  Elasticity  of  road 
was  for  the  benefit  of  the  traffic  exclu- 
sively, and  not  for  that  of  the  road;  and 
the  inference  was  that,  if  anywhere,  it 
should  be  immediately  at  the  surface, 
and  there  only.  A  totally  inelastic  road, 
whether  absolutely  smooth  or  designedly 
uneven,  was  open  to  objections,  practi- 
cally, on  other  grounds;  and  herein  lay 
the  chief  characteristic  which  had 
brought  wood  into  favor.  Concurrently 
with  a  reasonable  degree  of  durability, 
which  admitted  of  being  used  to  the 
utmost  advantage,  it  presented  always, 
and  uniformly,  a  slight  degree  of  surface 
elasticity,  to  the  immeasureable  saving  of 
vehicles  passing  over  it. 

The  standard  of  comparison,  therefore, 
to  which  street  pavements  should  be  re- 
ferred, must  embody  the  two  elements 
deducible  from  the  preceding  remarks — 
viz.,  the  work  performed  (as  represented 
by  some  systematic  scale  as  suggested), 
and  the  sum  total  of  direct  expenditure 
upon  it  during  a  recognized  unit  of  time. 
Of  three  materials — macadam,  granite  or 
porphyry  sets,  and  asphalt — the  first  was 
beside  the  question,  if  only  on  the 
ground  of  its  representing,  under  similar 
circumstances,  a  fixed  charge  of  from  3s. 
to  6s.  per  superficial  yard  per  annum. 
Granite  was  at  the  present  time  more 
nearly  balanced  with  wood — excelling  it 
somewhat  in  the  matter  of  cheapness, 
but  outweighed  by  it  on  the  score  of 
noise  and  injury  to  vehicles  owing  to  its 
rigidity — the  latter  two  defects  insuper- 
able, excepting  at  a  cost  which  was  but 


rarely     bestowed     upon     it.      Asphalt, 

laboring  under  an  occasional  deficiency 
insuperable  at  any  cost — viz.,  absence  of 
foothold — was  nevertheless  to  be  regard- 
ed favorably  in  point  of  cost,  and  would 
rank  high  so  long  as  the  definite  solution 
of  the  problem  of  durability  stood  in 
abeyance.  Meanwhile  the  above  notable 
failing,  together  with  the  difficulty 
attending  partial  repairs,  must  detract 
from  the  value  of  the  money-figure  to  be 
assigned  to  it. 

In  view,  therefore,  of  the  few  materi- 
als at  command,  and  of  their  several 
qualities  and  defects,  the  following  ques- 
tions comprise  the  chief  issues  to  be 
decided: — 

First. — Was  the  policy  of  paving  for 
heavy  traffic  to  aim  at  reduction  of  first 
cost  and  the  retaining  of  certain  alleged 
advantages  attached  to  systems  of  con- 
tinuous maintenance  !  or  at  the  extinc- 
tion of  maintenance,  and  the  acquisition 
of  durability,  combined  with  certain 
alleged  disadvantages  accompanying 
great  resistance  to  wear. 

Secondly. — Could  a  paved  surface  be 
made  to  fulfill  the  needs  of  tractive 
power  by  the  intrinsic  nature  of  any 
material,  independently  of  designed  me- 
chanical form  tending  to  obstruct  free 
draught  of  load? 

And  Lastly. — Could  the  durability  of 
any  description  of  wood,  compatible  with 
reasonable  cost,  be  enhanced  either  in 
construction  or  in  maintenance,  so  as  to 
place  it  on  a  commercial  rank  with  sub- 
stances of  greater  resistance,  but  of  less 
advantage  in  other  respects'? 


A  naval  college  is  to  be  erected  at 
Davenport  for  the  residence  of  engineer 
students.  The  building  will  be  of  extens- 
ive proportions,  and  the  contract  has 
been  let  to  Messrs.  Pethick  &  Son, 
Plymouth,  the  cost  being  a  little  over 
£4000.  It  will  be  190ft.  long,  60ft.  high, 
and  will  give  sleeping  accommodation 
and  every  other  convenience  to  300 
students.  It  is  also  proposed  to  obtain 
a  grant  for  the  erection  of  a  naval  barrack 
at  Keyham  upon  the  completion  of  the 
college.  The  barrack  is  intended  to 
accommodate  men  who  are  now  trans- 
ferred to  hulks  in  the  harbor  when  their 
ships  go  in  dock  to  be  repaired.  The 
old  arrangement  is  found  to  work  very 
inconveniently. 
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ENGINEERING  GEOLOGY. 

By  W.  H.  PENNING,  F.G.S. 
From  "The  Engineer." 

II. 


Methods  Employed  in  Geological  Sur- 
veying.— Geology,  as  a  science,  relates 
the  history  not  only  of  the  rocky  strata 
of  the  earth's  crust,  but  also  of  the 
animals  and  plants  which  flourished  on 
its  surface  or  in  the  ocean,  at  the  time  of 
their  formation.  An  acquaintance  with 
the  organic  remains  enclosed,  as  fossils, 
in  the  strata,  is  of  great  scientific  value 
in  determining  the  geological  age  or 
position  of  the  rocks,  but  it  is  to  a  great 
extent  unnecessary  for  practical  works. 
What  is  required  for  mechanical  opera- 
tions and  for  sanitary  purposes  is  a 
knowledge  of  the  stratigraphical  geology 
of  a  district ;  that  is  to  say,  of  the  nature 
of  its  rocks  and  of  their  relation  to  each 
other.  If  we  would  make  a  series  of 
drawings  showing  the  geological  struc- 
ture of  any  locality,  we  must  first  trace 
upon  a  map  the  boundaries  of  its  rocks, 
thus  defining  the  area  occupied  by  each. 
"We  must  next  ascertain  the  angle  at 
which  the  rocks  dip  beneath  the  surface, 
and  then,  aided  by  our  notes,  construct 
a  section,  which  shall  portray  their 
underground  extension  and  relative 
position.  We  must  further  ascertain  the 
kinds  of  rock  of  which  the  beds  consist, 
by  their  general  appearance  and  by  the 
aid  of  simple  tests  in  the  field ;  or  if  nec- 
essary, by  more  complicated  ones  ap- 
plied to  detached  specimens  at  home. 
Thus,  to  obtain  an  accurate  knowledge 
of  the  structure  of  a  district,  and  to 
represent  and  describe  its  geological 
features,  three  distinct  and  different, 
although  intimately  connected,  opera- 
tions have  to  be  performed: — (1)  The 
character  and  peculiarities  of  the  strata 
which  crop  out  at  the  surface  must  be 
determined.  (2)  The  boundaries  of  the 
different  rocks  must  be  laid  down  upon 
a  map.  (3)  The  dip,  if  any,  and  the 
underground  continuation  of  the  beds 
must  be  worked  out  and  shown  upon  a 
section.  The  methods  adopted  in  the 
carrying  out  these  operations  are  de- 
scribed under  the  following  heads: — (1) 
Lithology — determination  of  rocks,  min- 


erals, &c;  (2)  Geological  mapping — 
tracing  boundary  lines;  (3)  Geological 
sections — showing  underground  exten- 
sion of  the  rocks. 

(1)  Lithology.— It  is  obvious  that  a 
great  deal  depends  upon  the  physical 
characters  of  a  rock,  when  considered  as 
a  building  material  in  itself,  as  a  source 
whence  such  material  is  manufactured, 
or  as  a  substance  possessing  any  influ- 
ence upon  construction,  or  other  practi- 
cal operations.  Therefore  it  is  highly 
necessary  for  the  geological  surveyor  to 
be  able  not  only  to  determine  the  class 
to  which  any  particular  specimen  be- 
longs, but  also  to  form  some  reliable 
ideas  as  to  what  substances  enter  into 
its  composition.  There  are  simple  tests, 
for  application  in  the  field,  to  ascertain 
the  class  of  rock  under  examination; 
and  more  delicate  tests,  by  which  the 
field  results  ,may  be  checked  and  ex- 
tended. In  many  cases  the  directions 
given  below  will  go  far  towards  accurate 
determination;  but  it  will  be  advisable 
to  consult  works  devoted  to  the  subject, 
in  the  examination  of  difficult  specimens. 

To  ascertain  the  kind  of  any  rock 
exposed  in  a  quarry  or  elsewhere,  a 
fragment  should  be  detached  from  a 
part  that  has  been  least  subjected  to  the 
action  of  the  weather.  Having  selected 
a  suitable  portion  of  the  rock,  let  a  good 
sized  piece  be  broken  off  by  chisel  or 
hammer.  This  should  afterwards  be 
reduced,  with  as  little  chipping  as  may 
be,  into  a  square,  and  not  a  rounded 
lump ;  the  best  edge  is  thus  obtained  for 
observation  of  its  texture.  In  the  field, 
the  -  first  test  may  be  made  for  hardness 
— a  character  determined  with  reason- 
able accuracy  by  the  facility  with  which 
the  specimen  can  be  scratched,  if  at  all, 
by  a  pocket-knife.  The  result  will  show 
to  which  of  the  three  main  divisions  of 
the  following  table  the  rock  may  be 
referred — scratched  with  ease,  with  diffi- 
culty, or  not  at  all.  It  may  then  be 
tested  for  effervescence  by  dilute  hydro- 
chloric   acid — always    carried    for    that 
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purpose  in  geological  surveying.  The 
fact  of  its  effervescing  rapidly,  slowly,  or 
not  at  all,  will  narrow  still  more  the 
limits  of  the  list  in  which  it  is  included. 
Further  determination  must  then  be 
made  by  the  additional  tests  of  texture, 
color,  tic,  in  the  second  column  of  the 
table,  which  in  most  cases  will  settle  at 
least  the  class  to  winch  a  mineral  or  a 
rock  belongs.  The  texture  is  best  ob- 
served at  the  chipped  angle  of  the 
specimen,  and  with  a  pocket  lens,  if  not 
otherwise  apparent.  It  may  be  crystal- 
line, glassy,  compact,  earthy,  granular,  or 
laminated — all  which  characters  are  obvi- 
ous if  sufficiently  pronounced  to  be  visi- 
ble. The  peculiarities  of  fracture,  lustre, 
and  streak  are  valuable  aids  in  precise 
examination,  but  are  omitted  from  the 
table  for  the  sake  of  greater  simplicity, 
as  without  them  results  may  be  obtained 
sufficiently  near  for  all  practical  pur- 
poses. The  behavior  before  the  blow- 
pipe of  many  substances  is  given,  to 
distinguish  some  which  cannot  otherwise 
be  separated.  This  instrument  is  of 
great  assistance  in  discovering  the  exact 
character  of  rocks  and  ores;  a  micro- 
scope also  is  invaluable  for  the  same 
purpose.  There  are  some  which  may 
be  chemically  analyzed  without  much 
trouble ;  but  the  works  specially  devoted 
to  blow-pipe  and  chemical  *  analysis 
should  be  consulted  for  the  methods  of 
accurate  determination  of  the  ultimate 
constituents  of  a  specimen. 

TABLES      FOR      APPROXIMATE     DETERMINATION 


{b)  Effervcscr  slowly. 

Dolomite  (carbonate  of 

lime  and  magnesia) 

Magnesian  limestone  " 

"    with  some  silica, 

alumina,  &c. 
Chalybite  (carbonate  of 

iron) 
Clay  ironstone  (impure 

carbonate  of  iron) 

(c)  Do  not  effervesce. 
Selenite    (sulphate    of 
lime) 

Gypsum    (sulphate    of 

lime) 
■ 
Fluor  spar  (fluoride  of 

calcium) 


Graphite  (carbon) 

Coal  (impure  carbon) 
Hornblende  schist 
Glauconite  (silicate  of 
iron  and  potash) 

Chlorite  (silicate  of 
magnesia,  alumina 
and  iron) 

Chlorite  schist(chlorite, 
quartz,  &c.) 

Mica  (silicate  of  alumi- 
na, &c.) 

Mica  schist  (mica, 
quartz,  &c.) 

Talc  (bisilicate  of  mag- 
nesia) 


of  the  more  common  minerals,  ores   Barytes    (sulphate    of 
and  rocks.  baryta) 


1.  ,  Those  which    are 
easdy    scratched    by    a 
knife, 
and — 

(a)  Effervesce  rapidly, 
are — 
Calcite    (carbonate    of 

lime) 

Satin    spar  (carbonate 

of  lime) 
Marble  (carbonate,  with 

some  silica,  alumina) 

&c  ) 
Limestone      "       " 
Chalk  "      " 

Galena     (sulphide     of 
lead) 


Additional  tests, 
Texture,  usual  color,  be- 
havior before  the  blow- 
pipe, <tc. 


Crystalline,    white    or 
tinted,  infusible,  re 
duces  to  quick  lime 

Fibrous       " 

Crystalline,  various  col- 
ors 

Compact  "        " 

Earthy,  white  or  pale 

yellow 
Crystalline,  dark  gray 
color,       decrepitates 
and    fuses,   yielding 
metallic  globule 


Blende     (sulphide    of 

zinc) 
Blue  vitriol    (sulphate 

of  copper) 
Copper  glance(sulphide 

of  copper) 

Copper  pyrites  (sul- 
phide of  copper  and 
iron) 

Copperas  (sulphate  of 
iron) 

Steatite,  "soapstone" 

Serpentine  rock(silicate 
of  magnesia) 

Fuller's  earth  (silicate 
of  alumina) 


Crystalline,  white  01 
tinted,  infusible,  re 
duces  to  quick  lime 

Compact  or  granular, 
grayish  color 

Crystalline,  brownish 
color,  blackens  and 
becomes  magnetic 

Concretionary,  brown 


Crystalline,  white,  ex- 
foliates, becomes 
opaque 

Compact  or  minutely 
crystalline,  white  or 
tinted 

Crystalline,  white  or 
purple-tinted,  fuses 
to  a  clear  bead,  which 
on  cooling  becomes 
opaque 

Crystalline,  foliated 
black,  infusible 

Compact,  black 

Foliated,  black 

Compact,  olive,  green, 
fuses  to  magnetic 
glass 

"  foliated  or 

.  granular,  dark  olive 

green,  fuses  on  thin 

edges  with  difficulty 

Foliated,  green 

Various  colors,  plates 
elastic,  fuses  on  thin 
edges  only 

White  or  green  (folio 
hard  and  glistening) 
dark  gray 

White  or  green,  plates 
not  elastic,  fuses  on 
thin  edges  with  diffi- 
culty 

Crystalline,  white  or 
tinted,  decrepitates 
and  fuses  with  diffi- 
culty 

Crystalline,  black  or 
brown, infusible  alone 

Crystalline,  with  soda 
yields  copper  bead 

Crystalline,  lead  gray, 
fuses  yielding  copper 
bead 

Compact,  brass-yellow, 
fuses  yielding  mag- 
netic bead 

Compact,  green;  fuses 
with  borax  yielding 
a  green  glass 

Compact,  whit  isli, fuses 
with  difficulty 

Compact,  dark  olive- 
green,  fuses  on  thin 
edges 

Earthy,  greenish  brown 
fuses  to  porous  slag 
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Slate 
Rock  salt 
Sandstone,  micaceous 


2.    Tlwse  which   are 
with  difficulty  scratched 
by  a  knife, 
and — 

(a)  Effervesce  rapidly. 
Calamine  (carbonate  of 

zinc) 

(b)  Effervesce  slowly. 
Limestone,  siliceous 

(c)  Do  not  effervesce. 
Felspar,  orthoclase  (sil- 
icate of  alumina  and 
potash) 

Felspar,  oligoclase  (sili- 
cate of  alumina  and 
soda) 
Felspar,  common 
Hornblende  (silicate  of 
lime,  magnesia,  &c.) 


Hornblende  rock 

Augite  (silicate  of  lime, 
magnesia,  &c.) 

Hypersthene  (silicate  of 
magnesia  and  iron) 

Hypersthene  rock, 
' '  greenstone  "  (oligo- 
clase and  hypersthene) 

Felsite  (orthoclase  and 
quartz) 

Dolerite  (oligoclase  and 
augite) 

Basalt 

Diorite,  "greenstone " 
(oligoclase  and  horn- 
blende) 

Porphyrite  (oligoclase 
and  hornblende,  &c.) 

Gabbro,  "  greenstone  " 
(oligoclase  and  dill- 
age) 

Trachyte 

Obsidian 

Phonolite,  "clinkstone" 

Apatite  (phosphate  of 
lime) 

"Coprolite" 

Specular  iron  (peroxide 
of  iron) 

Haematite      " 

Limonite  "brown  hae- 
matite" 

3.   T/tose  which  can- 
not  be    scratched  by  a 

knife, 

and — 


Compact  (cleaved)  dark 
gray 

Crystalline,  tinted,  de- 
crepitates and  fuses 

Granular  or  laminated 
(laminae,  glistening) 
various  colors 


Do  not  effervesce. 
Granite  (quartz,  felspar   Crystalline 

and  mica) 
Gneiss  ("       "in  folia) 
Syenite    (felspar    and 

hornblende) 
Quartz  (silica) 


Compact,  grayish,  in- 
fusible alone,  fuses 
easily  in  borax 

Compact,  various  col- 
ors 

Cyrstalline,  sometimes 
compact,  white,  or 
pink  ;  fuses  on  thin 
edges  only 

"  white  or 
tinted,  fuses  with  dif- 
ficulty to  clear  glass 

Compact      " 

Crystalline,  green, 
brown,  or  black, 
fuses  easily  to  mag- 
netic globule 

Compact,  green, brown, 
or  black,  fuses  easily 

Crystalline,  greenish- 
black,  fuses  easily  to 
gray  glass 

Crystalline,  brownish- 
green,  fuses  easily  to 
black  enamel 

Crystalline,  greenish- 
black,  fuses  easily 

Compact,  gray,  weath- 
ers white 
Crystalline,  grandular, 

dark  gray 
Compact,  black 

"        green,  weath- 
ers brown 

"        pink,  brown 

Crystalline,  greenish 


Compact  (feels  rough) 

gray 
Glassy,  brown  or  gray 
Compact,  gray,  weath- 
ers white 
infusible 

Concretionary,  brown 
Crystalline,  steel-gray, 

infusible  alone 
Reniform,  red 
Compact,  brown 


Quartzite  (fine  grains  of 
quartz  in  siliceous 
matrix) 

Quartz  sandstone  "  " 
(if  a  slow  efferves- 
cence the  matrix  is 
calcareous) 

Flint  (silica,  not  quite 
pure) 

Hornstone 

Chert 

Iron  pyrites  (bisulphide 
of  iron) 


"    white  or  tinted, 
infusible  alone 
Compact,  granular 


' '       black  or  gray 


"      various  colors 
Crystalline,  bronze-yel- 
low, fuses  to  globule 
attracted  by  magnet 


(2)  Geological  Mapping. — It  is  very 
essential  in  tracing  and  mapping  geo- 
logical boundaries  to  have  as  good  a 
map  as  possible  of  the  district  to  be  thus 
surveyed,  for,  however  accurately  the 
lines  may  be  laid  down,  any  errors  on  the 
map  must  affect  the  after  calculations. 
All  the  physical  features  of  the  district 
should  be  distinctly  indicated  on  the 
map,  such  as  rivers  and  streams,  and 
heights  above  the  sea  level  given  in  fig- 
ures here  and  there  are  of  great  advant- 
age. Maps  drawn  to  a  scale  of  1  in.  to 
a  mile  answer  well  for  general  purposes ; 
if  great  accuracy  be  required  those  on  a 
6  in.  scale  should  be  used.  Both  kinds 
are  issued  by  the  Ordnance  Survey;  of 
the  whole  country  on  the  smaller  scale, 
but  on  the  large  scale  those  of  a  part 
only  have  up  to  the  present  time  been 
published.  Contour  lines,  which  run 
through  all  the  points  where  a  horizontal 
plane  at  any  given  height  would  inter- 
sect the  surface  of  the  ground,  when  en- 
graved on  the  map,  are  of  great  assist- 
ance in  geological  surveying.  To  the 
eye  accustomed  to  them  these  lines  con- 
vey at  a  glance  the  physical  geography, 
or  the  actual  shape  of  a  tract  of  country. 
Contours,  of  course,  run  in  a  Y-like  shape 
up  the  valleys,  in  straight  lines  on  even 
flanks  and  ridges,  and  sweep  in  curves 
round  the  outlines  of  the  hills  ;  their 
variations  are  numerous  as  those  of  the 
features  themselves,  but  these  kinds  of 
form  prevail  in  all. 

The  three  following  propositions,  if 
remembered,  will  afford  considerable  aid 
in  geological  surveying:    {a)  The  bound- 
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ary   lines    of    horizontal    strata    exactly 
coincide   with   the   contours.      (b)    The 
boundary  lines  of  strata  dipping  towards 
a  hill  are  less  winding  than  the  contours, 
(c)  The  boundary  lines  of  strata  dipping 
from  a  hill  are  more  winding  than  the 
contours,     (a)   It  is  evident  that  if  we 
can    once    determine   a    point    through 
which  the  boundary  or  other  definite  line 
of  a  horizontal  stratum  passes,  a  contour 
drawn  from    this   point   will    accurately 
represent  also  the  geological  line,     (b) 
If    the    stratum   dips   into   the    higher 
ground    all    points  at   the    same    level, 
exactly  along  the  line  of  strike,  must  be 
also  on  such  boundary  or  other  definite 
line,   when  its  passage  through  one  of 
them    has    been     ascertained.      A    line 
foDowing  the  curves  of  the  contour,  but 
flattened  in  proportion  to  the  dip,  repre- 
sents the  line   required,     (c)  When  the 
stratum    dips    with    the    slope    of    the 
ground,  the  line  must  be  discovered  at 
several  points,  and  these  points  must  be 
united  by  exaggeration  of  the  contour, 
with  reversal  of  the  windings  if  the  dip 
exceeds  in  amount  the  slope  of  the  sur- 
face  feature.      In   practice   the   ground 
must,  of  course,  be  gone  over,  and  the 
actual  line  followed,  for  dip  may  change 
anywhere,  and  it  often  does  so  in  places 
where  alteration  is  least  expected.  Faults 
also   may   occur;    these   suddenly  inter- 
rupt the  continuity  of  a  boundary  and 
involve  a  fresh  line  of  their  own,  repre- 
senting the  broken   ends  of   the   strata 
that  have  been  upheaved  on  one  side  of 
it,    or   thrown   down   on   the   other.     A 
geological  map  is  one  which,  as  we  have 
seen,  defines  the  area  occupied  by   the 
surface    of    each    formation,    or   by    its 
denuded   edge   where   it   comes   to   the 
level  of  the  ground.     It  follows  that  to 
construct    such   a   map    with    accuracy, 
every   part   of   the    surface    within  any 
area  to  be  geologically  surveyed  must  be 
examined.     If  by  any  means  the  surface 
of  such  an  area  were  to  be  proved  by  a 
boring  or  trial  holes,  in   every   acre  of 
ground,  and  the  varying  results  shown 
by    different   colors,    a   geological    map 
would   be   roughly    presented.      But   it 
would    be   an   approximation   only,    for 
there  would  still  remain  to  be  shown  the 
exact  position  of  the   lines  of   division 
between  the  holes  or  borings.     Similar 
evidence  to  that  afforded  by  trial  holes 
may  be  obtained,  in  many  other  ways 


and  with  much  less  trouble,  as  to   what 
is  the  uppermost   stratum  at  any  given 
point,  or  any  number  of  points ;    and  for 
our   present    purpose  it  is  in  regard  to 
this  stratum  only  that  the  information  is 
required.     Almost  every  bank  where  the 
road  is  in   cutting,   and  every    ditch  of 
even  moderate  depth,  will  yield  evidence 
as   to  the  kind  of  rock  at  the  particular 
spot  where  examined.     It  is  obtained  by 
picking  into   the  bank,  by  spudding  at 
the  side  of  the  ditch,  or  by  cutting  at 
the  face  of  every  exposed  section;  but 
care  must  be  taken  to  get  down  to  the 
actual  stratum  beneath  the  soil  and  rain 
wash.      In     the     absence     of     ditches, 
trenches,  and  banks,  we  must   pick  or 
bore  with  a  spud  through  the  surface- 
soil  here  and  there  on  either  side  of  the 
probable  line  of  boundary  we  are  seek- 
ing, look  out  for  the  heaps  of  different 
stuff  thrown  out  from    their    holes    by 
moles  and   rabbits,  search  in  ploughed 
fields  for  lumps  of  the  rock  we  are  trac- 
ing, and,  lastly,  we  must  accustom  our 
eye  to  judge  from  the  soil  itself  what  is 
the  rock  beneath,  from  which  it  has  been 
formed  by  a  process  of  disintegration. 
Another  important  point  to  be  noted  is 
the  existence  of   springs,  as  these  indi- 
cate not  only  a  change  from  pervious  to 
impervious    strata,   but  also   the   actual 
lines  of  division.     All  the  results  of  the 
examination   of    the    ground    must    be 
entered    on    the    map    by    some    mark 
or    symbol,    in    the   exact   situation   of 
each   observation,    and   from    these   the 
geological  lines  will  be  drawn.     In  sur- 
|  veying  a  district  for  the  purpose  of  map- 
|  ping  the  outcrop  of  its  strata,  it  is  well 
to  follow  the  lines  of  ditch  and  fence  by 
which  it  is  intersected,  as  these,  although 
somewhat  irregular,  serve  to  guide  one 
in  covering  all  the  ground  without  going 
twice  over  any  portion.     Such  lines  are 
occasionally  too  far  apart,  but  then  they 
must  be  left,  and  the  intervening  spaces 
walked  over,  in  search  of  sections  and 
other  evidence.     By  following  a  line  of 
fence,  for,  say,  half  a  mile  in  any  direc- 
tion, and  returning  by  another  the  width 
of  one  field  apart  from  the  first,  and  by 
repeating  the  process  at  the  distance  of 
another   field,    all   details   concerning   a 
considerable   area   are   collected   at   the 
same  time.    These  may  involve  the  draw- 
ing  of   several   geological   lines    as    we 
cross  and  recross  the  boundaries  of  the 
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strata  that  occur  within  the  limits  of  the 
district  thus  traversed.  But  it  is  fre- 
quently found  more  convenient  to  com- 
mence and  follow  out  one  line  only  at  a 
time;  this  is  done  by  walking  along  a 
ditch  or  fence  until  we  pass  the  line, 
then  across  the  end  of  the  field,  and 
back  by  the  next  fence  until  the  line  is 
again  crossed,  and  so  on.  By  the  term 
"boundary  line"  is  meant  that  which 
bounds  a  formation,  which  describes  its 
lower  margin,  and  in  fact  indicates  its 
extreme  occurrence  in  any  direction. 
The  upper  edge  of  a  formation,  where  it 
first  appears  at  the  surface  of  the  ground, 
is  called  its  "line  of  outcrop,"  and  this  of 
course  corresponds  to  the  "boundary 
line"  of  the  one  above. 

The  nature  of  some  of  the  rocks  oc- 
curring in  any  district  to  be  surveyed 
having  been  roughly  determined,  their 
relation  will  be  worked  out,  and  then  oc- 
cupied by  each  defined  by  drawing  its 
boundary  in  the  following  manner : — Let 
it  be  assumed,  for  sake  of  illustration, 
that  the  evidence  obtained,  whether  by 
trial  holes  or  by  the  preceding  methods, 
will  establish  the  existence  of  limestones 
over  all  the  higher  ground,  of  clay  upon 
the  flanks  of  the  hills,  and  of  ferruginous 
sandstone  in  places  along  their  foot,  with 
clay  again  in  the  plain  beyond.  Starting 
from  some  point  on  the  table  land,  and 
following  a  line  of  fence,  the  surveyor 
notices  that  the  soil  is  light,  and  full  of 
fragments  of  whitish  limestone,  varying 
in  size  from  small  grains  to  lumps  as 
large  as  a  hen's  egg  ;  and  in  the  ditch  he 
occasionally  sees  the  limestones  in  their 
undisturbed  position.  Just  below  the 
point  where  the  ground  begins  to  fall  he 
observes,  in  a  slipped  portion  of  the 
bank,  rock  of  a  more  sandy  nature,  full 
of  concretions  of  ironstone,  and  near  this 
point  is  a  small  spring,  the  water  from 
which  has  scooped  a  hollow  and  a  chan- 
nel in  the  blue  clay  just  below.  It  is 
evident  that  the  pervious  limestones  over- 
lie the  impervious  clay,  by  which  the 
water  that  has  percolated  through  them 
has  been  thrown  out ;  also  that  there  is 
a  bed  of  ironstone  between,  but  possibly 
of  slight  thickness  only.  The  line  of 
division,  of  course,  passes  through  this 
spring,  the  position  of  which  must  be 
fixed  on  the  map,  by  compass  bearing  or 
otherwise,  and  a  short  line  drawn  in 
pencil  from  it  to  either  hand,  in  the  same 


direction  and  of  the  same  form  as  a  con- 
tour line  would  Have  at  that  elevation. 
This  line  of  boundary  will  again  be  met 
with  in  returning  by  the  next  fence,  al- 
though it  may  not  again  be  exposed  by  a 
slip  or  indicated  by  a  spring ;  but  when 
the  surveyor  arrives  near  the  spot 
through  which  he  expects  it  to  run  he 
seeks  for  it  by  picking,  spudding,  or 
some  other  of  the  methods  already  de- 
scribed. He  may  not  see  the  junction 
of  the  beds,  but  he  will  presently  be  at 
a  spot  where  limestones  occur  just  above 
him  and  blue  clay  below,  and  here,  of 
course,  must  be  the  boundary.  At  this 
spot  is,  perhaps,  a  small  plantation — 
shown  on  the  map.  He  will  draw  con- 
tour lines  from  it  to  either  side,  one  of 
which  lines  will  unite  with  that  drawn 
from  the  first  fence  in  this  direction.  It 
is  for  the  present  assumed  that  the  beds 
are  horizontal ;  should  it  prove  otherwise, 
the  pencil  lines,  if  curved,  must  be  flat- 
tened or  exaggerated,  accordingly  as  the 
dip  is  into  or  away  from  the  hill.  But 
to  return  to  the  line  of  fence  along  which 
the  maj)ping  was  supposed  to  be  com- 
menced. After  passing  the  spring,  the 
surveyor  walks  for  some  distance  over  a 
clay  of  bluish  color,  as  seen  every  few 
yards  in  the  ditch  that  runs  straight 
down  the  hill.  The  soil  is  hard,  and  in 
many  places  cracked;  it  would  sufficient- 
ly indicate  the  nature  of  the  stratum  be- 
neath, even  were  this  not  visible  as  it  is 
in  the  sides  of  the  ditch.  Towards  the 
lower  part  of  the  slope  the  soil  gets 
lighter,  being  covered  by  a  sandy  wash 
from  the  hill  above,  and  presently  a  pond 
is  met  with,  which  shows,  when  its  mar- 
gin is  picked  into,  signs  of  a  bed  of 
sandy  ironstone.  This  is  noted  on  the 
map  by  a  symbol  in  its  .exact  position, 
and  left  for  the  present;  it  may  be  of 
trifling  local  occurrence,  or  it  may  be 
part  of  an  important  deposit.  Beyond 
this  is  blue  clay  again,  covered  by  a  foot 
or  two  of  sandy  wash,  but  exposed  wher- 
ever a  ditch,  pond,  or  other  excavation 
through  the  surface  soil  lays  it  open  to 
inspection.  Returning  by  the  second 
fence  in  the  direction  of  the  high  ground, 
an  exactly  similar  (but  reversed)  sequence 
of  strata  is  observed.  There  is,  however, 
a  brickyard  situated  just  at  the  foot  of 
the  slope,  in  which  is  seen  a  bed  of 
calcareous  and  ferruginous  rock,  2  feet 
thick,  evidently  continuous — judging  by 
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contour — with  that  noticed  in  the  pond, 
and  a  line  is  drawn  to  connect  the  two 
points,  following  the  shape  of  the  ground 
Continuing  his  walk  up  the  hill,  the  sur- 
veyor traverses  the  blue  clay  until  he; 
reaches  the  small  plantation  above  men- 
tioned, beyond  which  he  sees  only  lime- 
ues  in  which  are  several  quarries  on 
the  table  land. 

In  this  way  are  boundary  lines  dis- 
covered and  drawn,  they  follow  the  form 
of  the  ground,  which,  indeed,  is  mainly 
due  to  the  varying  hardness  and  ehang 
ing  dip  of  the  rocks  where  they  rise  to 
the  surface.  For,  precisely  in  inverse 
proportion  to  these  conditions,  have  the 
agents  of  denudation  worn  them  away; ' 
or  to  put  the  point  in  another  form,  the 
prominent  minor  features  of  a  district 
are  in  exact  proportion  to  the  power  its 
rocks  possess  of  resisting  denudation. 
As  dissimilar  rocks  must  thus  make  a 
change  of  feature  along  their  junction,  a 
knowledge  of  the  fact  is,  as  we  'have 
seen,  turned  to  account,  and  is  of  great 
service,  in  drawing  their  lines  of  bound- 
ary. It  frequently  happens  that  lines 
have  to  be  drawn  through  large  parks, 
woods,  moors,  and  marshes,  where,  per- 
haps, no  evidence  whatever  can  be  ob- 
tained. In  these  cases  the  difficulty  may 
be  considerably  lessened,  by  first  mapping  i 
for  a  good  distance  around  such  obscure 
areas.  With  the  data  and  the  ideas 
thereupon  thus  gained,  the  lines  may 
then  be  run  by  feature  alone,  with  every 
chance  of  a  near  approach  to  accuracy. 

The  term  "Dip"  has  frequently  been 
used,  and  it  is  scarcely  necessary  to 
explain  that  it  means  the  angle  at  w7hich 
the  bedding  planes  of  strata  are  inclined 
to  the  horizon.  A  line  passing  from  any 
point  on  the  surface  of  a  bed  through 
another  point  which  is  the  lowest  possi- 
ble at  that  distance  from  the  first — in  ! 
other  words,  the  line  of  greatest  steep- 
ness, represents  the  "direction  of  the 
dip."  It  follows  that  another  line  at 
light  angles  to  this  must  coincide  with 
that  portion  of  the  rock  which  is  hori- 
zontal,  and  which  would  be  seen  in  such 
a  position  in  the  face  of  a  quarry  cut 
back  in  the  dip's  direction.  This  second 
line  is  called  the  "strike''  of  the  rock, 
and  were  the  surface  of  the  ground  a 
level  plane  the.  outcrop  of  a  stratum 
would  always  coincide  with  the  strike, 
and  be,  throughout  its  entire  length,  at 


right  angles  to  the  dip.  But  as  the  sur- 
face is  uneven,  the  outcrop  winds  accord- 
ingly, crossing  and  recrossing  the  gener- 
al line  of  strike,  which  must  perforce 
remain  the  same  until  the  dip  assumes 
an  altered  direction.  As  the  amount  of 
dip  varies,  so  does  the  breadth  of  ground 
that  a  bed  of  given  thickness  will  occupy 
at  its  outcrop.  Therefore,  when  any  two 
of  the  three  following  factors  are  known 
or  can  be  ascertained,  the  third  can  be 
readily  found  by  diagram  or  calculation : 
— (1)  Thickness;  (2)  Dip;  (3)  Breadth 
of  horizontal  outcrop.  For  measuring  a 
dip,  clinometers  are  generally  used,  but 
the  kind  of  instrument  is  of  small  conse- 
quence so  long  as  it  will  fairly  indicate 
the  amount  of  inclination.  It  is  most 
frequently  in  mines,  quarries,  brickyards 
and  similar  places,  that  sections  of  the 
rock  are  seen,  but  it  should  be  rememb- 
ered that  these  exposures  may  not  be  in 
the  true  dip's  direction,  and  that  the 
apparent  dip  only  can  thus  be  taken. 
This  must  be  observed  in  two  or  more 
faces,  making  a  considerable  angle  with 
each  other,  and  the  result  worked  out  by 
the  rule  given  below,  or  by  some  other 
method.  The  true  dip  may  be  greater, 
but  it  cannot  be  less,  than  that  seen  in 
any  face  of  a  section  open  to  observation. 
Mule. — When  two  observed  dips  in- 
cline from  or  towards  the  angle  enclosed 
by  their  lines,  the  true  dip  is  at  right 
angles  to  a  line  thus  laid  down: — Set  off 
from  the  angle  on  each  one  of  the  two 
lines  of  apparent  dip,  a  number  of  units 
corresponding  to  the  number  of  degrees 
of  dip  observed  along  the  other  line,  and 
connect  the  two  points  by  a  line.  This 
line  coincides  with  the  strike,  and  is  con- 
sequently at  right  angles  to  the  true 
dip's  direction.  When  one  observed  dip 
inclines  from  and  the  other  towards  the 
angle,  the  problem  can  be  worked  out 
best  from  a  triangle  constructed  by  pro- 
longing one  of  the  lines  of  apparent  dip 
beyond  where  it  touches  the  other.  Both 
apparent  dips  will  then  run  either  from 
or  towards  the  angle  thus  formed,  and 
the  true  dip  can  be  found  by  the  above 
rule.  Should  the  amount  of  dip  be  con- 
siderable, and  great  accuracy  be  required, 
set  off  instead  of  "the  number  of  degrees 
observed,"  the  tangent  of  the  angle  of 
apparent  dip.  For,  except  in  the  smaller 
angles,  there  is  an  error  arising  from  the 
difference  between  their  circular  measure 
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and  their  tangent,  but  in  most  cases  this 
is  so  slight  that  it  may  be  disregarded. 

When  the  direction  of  the  dip  has 
been  worked  out,  it  becomes  necessary 
to  ascertain  its  amount,  also  from  the 
apparent  dip  observed  in  the  quarry  or 
elsewhere.  From  any  two  observed  dips 
the  amount  and  direction  of  the  true  dip 
may  be  obtained  by  calculation,  but  for 
all  practical  purposes  the  results  arrived 
at  in  the  following  manner  are  sufficient- 
ly accurate  and  much  more  expeditious. 

The  dip  and  its  direction  may  be 
worked  out,  and  the  existence  of  two 
different  dips,  or  even  of  faults,  dis- 
covered in  any  locality,  where  no  sec- 
tions of  the  bed  are  exposed.  This  is 
done  by  first  accurately  surveying  the 
outcrop  of  some  definite  line,  and  by 
then  taking  the  relative  heights  of  three 
of  the  most  suitable  spots  upon  it  for 
that  purpose.  These  spots  should  be  so 
chosen  that  lines  connecting  them  will 
make  with  each  other  the  nearest  possi- 
ble approach  to  a  right  angle;  the  dis- 


tances apart  must  be  measured  or  scaled 
from  the  map ;  the  heights  can  be  taken 
by  a  level,  or  by  an  aneroid  if  extreme 
accuracy  be  not  required.  The  points 
thus  selected  on  the  outcrop  of  a  bed,  on 
its  under  or  upper  surface  if  of  any 
thickness,  will  afford  the  same  informa- 
tion as  if  the  stratum  along  the  line  con- 
necting the  points  were  exposed  in  two 
faces  of  a  quarry.  The  lines  represent 
the  direction,  and  the  heights  will  give 
the  rise  in  the  measured  distances,  that 
is,  the  amount,  of  the  two  apparent  dips, 
from  which  the  amount  and  direction  of 
the  true  dip  can  be  found  by  the  method 
described.  For  a  description  of  the  in- 
struments used  in  geological  surveying 
and  for  tables  of  dip,  depth,  and  thick- 
ness, the  reader  is  referred  to  the  treatise 
previously  mentioned — "Field  Geology" 
— which  is  intended  more  especially  for 
geological  students,  and  in  which  the 
subject  is  treated  at  greater  length  than 
is  considered  necessary  in  papers  design- 
ed for  those  to  whom  such  instruments 
are  necessarily  familiar. 
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Nineteen  years  ago,  the  Author  of  the 
present  Paper  brought  before  the  Insti- 
tution of  Civil  Engineers  a  communica- 
tion "On  the  Construction  of  Artillery, 
and  other  vessels,  to  Resist  great  Inter- 
nal Pressure."  The  chief  object  of  that 
Paper  was,  to  direct  attention  to  the 
principles  involved  in  the  construction  of 
guns  built  up  in  successive  rings,  or  cyl- 
inders; or,  what  is  another  form  of  the 
same,  of  an  internal  tube,  or  cylinder, 
strengthened  by  successive  coils  of  wire, 
put  on  with  certain  definite,  though 
varying,  tensions.  It  was  shown  mathe- 
matically that  a  cylinder,  or  gun,  could 
be  thus  constructed  so  that  its  strength 
would  increase  directly  as  its  thickness — 
a  result  not  attainable  in  any  other  way, 
though  approximated  to  by  the  systems 
proposed  by  Mr.  Treadwell,  Captain 
Blakely,  and  Sir  William  Armstrong,  of 
successive  rings,  or  hoops,   shrunk  one 


upon  the  other.  The  more  numerous 
the  rings,  and  the  less  their  individual 
thickness,  the  greater  is  the  approxima- 
tion to  uniformity  of  strain;  but  it  was 
shown  that,  in  order  to  arrive  at  satis- 
factory results,  extreme  accuracy  of 
workmanship  was  necessary;  so  much  so 
that,  in  the  case  of  an  8-inch  gun  with 
four  rings,  or  hoops,  an  error  of  yj^  inch 
in  the  diameter  of  the  outer  ring  would 
reduce  the  strength  of  the  gun  about  40 
per  cent. 

Whilst  the  subject  was  before  the 
Institution,  although  some  objections 
were  taken  as  to  practical  details,  the 
principle  itself  was  never  challenged; 
and,  in  closing  the  discussion,  Mr.  Bid- 
der, the  President,  said:  "It  must  be 
admitted,  that  the  theory  propounded  by 
Mr.  Longridge  .  .  .  had  been  satisfactor- 
ily demonstrated.  .  .  .  Practical  objec- 
tions had,  however,  been  fairly  and  legit- 
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imately  urged  against  the  proposed  plan. 

These  related  chiefly  to  the  difficulty  of 

ruring  the  ends  of  the  wire,  of 
strengthening  the  breech,  and  of  form- 
ing the  muzzle.  How  far  the  Author 
(Mr.  Longridge)  had  succeeded  in  meet- 
ing those  difficulties  the  Members  must 
judge.  It  was,  however,  evident  that  he 
had  established  such  a  prima  facie  case 
as  should  have  entitled  him  to  have 
received  the  attention  of  the  Govern- 
ment, in  his  attempts  to  produce  a  light 
and  efficient  gun;  especially  when  it  was 
considered,  that  the  subject  was  only 
now,  for  the  first  time,  undergoing  that 
careful  scientific  investigation  to  which 
its  great  importance  entitled  it." 

The  practical  objections  alluded  to 
were  of  snch  a  nature  that,  after  the 
long  discussion  which  had  taken  place,  it 
was  impossible  for  the  Author  to  take  up 
the  time  of  the  Institution  in  replying  to 
them.  They  were,  moreover,  minor 
points,  not  involved  in  the  principle 
under  discussion;  and  although,  without 
exception,  they  had  all  been  considered 
and  provided  for  by  the  Author,  he  was 
prevented  by  lack  of  time  from  entering 
upon  them  in  reply.  Since  the  year 
1860  he  has  given  the  principle  a  practi- 
cal form,  and  has  endeavoured  on  one  or 
two  occasions  to  induce  the  Government 
to  make  a  trial  of  the  same;  but,  meet- 
ing with  no  success,  he  has  long  since 
given  up  anything  beyond  a  scientific 
interest  in  the  question. 

Meantime  gun-making  has  gone  on. 
The  so-called  "  Woolwich  system "  of 
construction  has  been  adopted  by  the 
Government;  and  no  one  who  has  seen 
"Woolwich  can  fail  to  admire  the  practical 
talent  which  is  there  displayed,  or  the 
magnificent  workmanship  resulting  there- 
from. Neither  can  it  be  denied  that 
guns  have  been  constructed  vastly  more 
powerful  than  was  generally  contem- 
plated in  1860.  But,  in  spite  of  all  this, 
these  very  large  guns  can  hardly  yet  be 
said  to  have  passed  out  of  the  "experi- 
mental" region. 

The  cracking  of  the  inner  tube  of  the 
81-ton  gun  is  somewhat  ominous,  and 
the  more  so  that  it  is  far  from  being  an 
exceptional  case.  Other  guns  of  a  smaller 
caliber  have  had  their  inner  tubes  cracked, 
and  the  question  naturally  arises  how  far 
these  accidents  are  attributable  to  the 
system  of  construction.     An  examination 


of  this  question  is  one  of  the  objects  of 
the  present  Paper;  and.  in  order  to 
avoid  cavil,  the  Author  proposes  to  direct 
his  observations  to  the  Woolwich  system 
as  described  officially  in  a  "Treatise  on 
the  Construction  of  Ordnance,"  prepared 
in  the  Koyal  Gun  Factory,  and  printed 
by  order  of  the  Secretary  of  State  of 
War,  April  1877. 

In  a  former  treatise  published  by  the 
same  authority,  and  corrected  up  to  Jan- 
nary  1872,  it  is  stated  (page  17)  that  this 
system  is  a  "  modification  of  the  Arm- 
strong system,  and  differs  from  it  chiefly 
in  building  up  a  gun  with  a  few  double 
or  triple  coils  instead  of  several  finely- 
finished  single  ones."  And  at  page  31 
of  the  later  treatise  it  is  said:  "This 
[system]  consists  of  using  larger  coils 
made  of  thicker  bars,  and  so  much 
stronger  longitudinally,  that  the  forged 
breech-piece  becomes  unnecessary.  The 
greater  weight  and  strength  of  these 
outer  coils  also  allows  compression  to  be 
given  more  certainly  to  the  steel  barrel 
and  inner  coils."  It  will  be  seen  pres- 
ently how  far  this  last  assertion  is  justi- 
fiable. 

In  the  treatise  of  1872  (chap,  ii.,  p. 
22)  there  is  "  an  attempt  to  explain  .... 
the  science  of  constructing  guns,  and  to 
show  by  reference  to  modern  ordnance 
how  far  theory  is  carried  out  in  actual 
practice.  The  Authors — Captain  Franc 
S.  Stoney,  R.A.,  and  Captain  Charles 
Jones,  R.  A  — both  of  the  Royal  Gun  Fac- 
tories— begin  by  stating  the  well-known 
fact,  that  in  a  homogeneous  cylinder  the 
strength  is  not  proportional  to  the  thick- 
ness of  metal,  and  that  no  possible  thick- 
ness can  enable  a  cylinder  to  bear  a  con- 
tinual pressure  from  within  greater  per 
square  inch  than  the  tensile  strength  of 
its  material.  They  proceed  to  say,  that 
the  material  of  the  inner  barrel  must 
have  sufficient  hardness  to  resist  the  ac- 
tion of  the  powder  and  the  friction  of 
the  projectile,  and  that  the  strain  upon 
the  material  cluiing  explosion  decreases 
as  the  distance  from  the  inner  circum- 
ference increases;  but  that  the  law,  or 
formula,  according  to  which  a  gun  should 
be  so  constructed,  that  its  resistance  to 
the  shock  of  the  discharge  should  be 
equally  distributed  throughout  its  mass, 
is  not  exactly  known. 

This  assertion  is  repeated  in  the  treat- 
ise of  1877,  page  29. 
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In  both  publications  mention  is  made 
of  two  formulae: 

1.  That  of  Professor  Barlow — 

a    r2 


2.  That  of  Dr.   Hart,   of  Trinity  Col- 
lege, Dublin — 

s~p*  X*R2  +  ra  ; 
where 

a=z  the  tensile  strain  at  the  rodius  p; 
s=the  tensile  strain  at  the  radius  r, 

the  inner  radius  of  the  gun  ; 
R=the  outside  radius  of  the  gun; 
n=the  inside  radius  of  the  gun;    * 
p=any  other  radius. 

In  neither  of  these  treatises  is  mention 
made  of  the  formulae  given  by  the  author 
in  his  paper  read  before  the  Institution 
in  1860,  although  the  formulae  of  Dr. 
Hart  and  of  Professor  Barlow  do  not 
afford  means  to  determine  ihe  dimen- 
sions of  the  various  rings,  upon  which 
determination  the  successful  application 
of  this  system  depends.       * 

In  a  note  to  page  23  of  the  treatise  of 
1877,  referring  to  the  two  formulae  of 
Dr.  Hart  and  Professor  Barlow,  it  is  said 
that  "the  actual  tension  of  each  layer 
probably  lies  somewhere  between  the  re- 
sults given  by  "  these  two  formulae,  and 
that  the  latter  is  the  simpler,  and  its  re- 
sults have  been  shown  to  be  fairly  trust- 
worthy in  practice.  And  yet  in  the  same 
note  it  is  stated  that,  "  in  the  case  of  the 
10-inch  gun  [5  inches  thick]  the  tension 
of  the  interior  compared  with  that  of  the 
exterior  would,  according  to  Barlow,  be 
as  100  to  25,  or  four  times  as  great,  but 
according  to  Hart,  only  as  125  to  50,  or 
2^  times  as  great."  Surely  such  a  dis- 
crepancy is  serious ;  and,  coupled  with 
the  previous  assertion,  that  "  the  law  is 
not  exactly  known,"  the  inference  is  legit- 
imate that,  if  the  Woolwich  practice  be 
founded  on  these  formulae,  it  is  wanting 
in  that  scientific  basis  which  might  be 
expected  in  such  an  establishment  as 
Woolwich.  Moreover,  even  did  the  two 
formulae  give  approximately  accordant 
results  (which  they  do  not),  they  are 
insufficient  for  the  purpose  required. 
What  is  wanted  is,  to  determine  the 
strains  on  a  ring  when  submitted  to  cer- 


tain internal  and  external  pressures  sim- 
ultaneously; and  farther,  when  several 
rings  are  superimposed,  to  determine 
the  relative  actions  of  each  ring  when  a 
given  internal  pressure  is  applied  to  the 
first  and  no  pressure  to  the  outside  of 
the  last.  Beyond  this,  it  is  necessary  to 
determine  the  dimensions  of  the  rings 
before  they  are  put  together,  so  that 
when  put  together,  and  a  given  internal 
pressure  applied,  the  whole  of  the  rings 
may  be  equally  strained,  and  yet  that  no 
strain  shall  exceed  the  elastic  force  of 
the  material. 

In  neither  treatise  is  any  attempt  made 
to  solve  these  problems,  nor  is  any  men- 
tion made  of  the  complete  solution  given 
by  the  author  in  the  paper  above  referred 
to,  and  contained  in  detail  in  the  appen- 
dix to  that  paper;  and  yet,  at  page  26 
of  the  treatise  of  1877,  it  is  said  that 
"Gunmakers  .  .  .  can  build  up  a 
hollow  cylinder,  the  walls  of  which  may 
be  composed  of  concentric  layers  of  dif- 
ferent strength,  so  that  each  may  arrive 
at  its  limit  of  elasticity  at  the  same  time ; 
so  that,  in  fact,  when  the  circumference 
of  the  bore  reaches  its  elastic  limit  and 
becomes  permanently  deformed,  each 
successive  ring  from  within  outwards  is 
also  permanently  deformed." 

At  page  25  of  the  treatise  of  1872  it  is 
stated,  that  one  of  the  essential  principles 
of  Sir  William  Armstrong's  method  con- 
sists in  "  shrinking  the  successive  parts 
together,  so  that  not  only  is  cohesion 
throughout  the  mass  ensured  but  the 
tension  may  be  so  regulated  that  the 
outer  coils  shall  contribute  their  fair 
share  to  the  strength  of  the  gun,  in 
accordance  with  the  theory  already  ex- 
plained." But  in  the  next  page  it  is 
said,  that  "Sir William  Armstrong  did  not 
carry  out  his  plan  with  theoretical  precis- 
ion, but  that  the  coils  were  simply  shrunk 
together  sufficiently  to  secure  the  stabili- 
ty of  the  frabic,  and  that  a  small  varia- 
tion was  immaterial." 

Now,  during  the  discussion  on  the 
Author's  former  Paper,  in  answer  to  a 
question  put  by  him,  Sir  William  Arm- 
strong replied:  "The  outer  layers  and 
rings  of  metal  were  not  put  on  with  any 
calculated  degree  of  tension;  they  were 
simply  applied  with  a  sufficient  difference 
of  diameter  to  secure  effective  shrinkage." 

Again,  at  page  27,  of  the  treatise  of 
1877,  it  is   said   of    Sir    William   Arm- 


THE    CONSTRUCTION   OF   HEAVY    ORDNANCE. 


49 


strongs   method,  that  the  tension  is  so 
regulated  •'that  each  coil  should  perform 
its  maximum  amount  of  useful  effect  in 
resisting  the  pressure  from  within."   But 
this   is   accompanied    by   the  following 
foot-note:  "Not   that  it  was  attempted 
rigidly  to  carry  out  the  tension  and  com- 
mon of  the  several  rings  in  accord- 
ance   with    actual    mathematical  calcula- 
tions,   but     the     layers    were    put     on 
successively,  with  sufficient  shrinkage  to 
ensure  a  certain  amount  of  compression 
of  the  inner  portion.''     In  the  treatise  of 
1872  (page  26)  it  is  further  stated:  "His 
[Sir  "William  Armstong's]  primary  object 
therefore      was      to      secure     cohesion  I 
throughout  the  mass,  and  in  doing  this  | 
within    the   limits   of   shrinkage,   before  I 
stated,  he  built  up  his  gun  to  a  certain  : 
extent  in  accordance  with  theory." 

From  the  above  extracts  it  is  apparent 
that,  although  the  advantages  of  a  built-  j 
up  gun  are  fully  recognized,  the  endeav-  i 
or  to  carry  out  the  idea  practically  has  | 
not  yet  been  made  in  accordance  with 
scientific  accuracy  by  Sir  William  Arm- 
strong. 

How  then  does  the  matter  stand  at 
Woolwich?  It  is  mentioned,  page  27, 
treatise  of  1872,  "  That  the  Woolwich," 
or,  as  it  is  there  termed,  "Mr.  Fraser's 
plan  is  an  important  modification  of  Sir 
Williain  Armstrong's,  from  which  it  dif- 
fers principally  in  building  up  a  gun  with 
a  few  long  double  or  triple  coils,  instead 
of  several  short  single  ones  and  a  forged 
breech-piece.  There  is  less  material,  less 
labor,  and  less  fine  working,  and  conse- 
quently less  expense." 

Without  doubt  the  Fraser  gun  pos- 
sesses these  advantages  as  compared 
with  the  Armstrong  gun,  but,  as  will  be 
presently  shown,  it  does  not  dispense 
with  fine  or  rather  accurate  workmanship, 
and  it  is  not  so  strong  a  gun.  It  is  a  step 
backwards — to  a  great  extent  an  aban- 
donment of  the  coil  principle,  and  it  ap- 
proaches nearly  to  a  homogeneous  gun 
with  a  steel  lining.  The  guns  construct- 
ed on  this  system  up  to  1869  were  in 
reality  homogeneous  wrought-iron  guns 
lined  with  steel. 

It  is  not  denied  that  a  fairly  useful  gun 
up  to  a  certain  size  can  be  made  on  this 
system,  and  at  a  moderate  cost  as  com- 
pared with  Sir  William  Armstrong's ; 
but,  unless  properly  proportioned,  it  may 
easily  fail  by  its  inner  tube  cracking,  as 
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the  great  gun  mentioned  at  pages  18  and 
li>  of  the  treatise  of  1872,  and  several 
others,  did.  With  guns  having  bores  up 
to  7  or  8  inches  in  diameter  there  is  no 
great  difficulty  in  construction,  but  from 
9  inches  upwards  the  case  is  different. 
The  Author  will  now  proceed  to  examine 
more  in  detail  the  Woolwich  or  Fraser 
system,  which,  as  applied  to  large  guns, 
will,  he  thinks,  be  found  both  costly  and 
unreliable. 

Turning  to  the  treatise  of  1872,  which  is 
in  some  respects  more  explicit  than  the 
later  treatise  of  1877,  it  is  stated,  at  page 
26,  with  reference  to  the  all-important  ques- 
tion, shrinkage,  that  "in  the  Armstrong 
or  original  construction,  a  greater  pro- 
portion of  shrinkage  was  given  to  the 
inner  layers  than  the  outer,  because  so 
much  of  it  was  absorbed  by  compression. 
The  shrinkage,  however,  never  exceeded 
•002  inch  per  inch  of  diameter."  But  on 
the  preceding  page  it  is  said  "  the  tension 
on  no  coil  should  exceed  y-aVirth  °f  its 
diameter ; "  and  this  is  repeated  in  the 
treatise  of  1877.  Yet  it  is  stated  in  both 
treatises  (page  26  of  1872  and  page  28 
of  1877)  that  in  "  guns  of  present  con- 
struction the  heavy  breech  coil  com- 
presses the  steel  barrel  to  such  an  extent 
that  the  latter  becomes  in  some  instances 
as  much  as  y^th  of  an  inch  smaller  in 
diameter  during  the  process  of  shrink- 
ing." Again,  it  is  said  (page  26  of  1872) ; 
"Much  too  will  depend  on  the  thickness 
and  strength  of  the  coil  to  be  shrunk  on ; 
for  the  heavier  it  is,  the  tighter  will  be 
its  grip,  and  the  more  will  the  inner 
parts  be  compressed  and  supported; 
whereas  a  thin  weak  coil,  if  shrunk  on 
the  same  mass,  would  probably  suffer 
from  over  tension." 

It  is  difficult  to  imagine  a  more  com- 
plete confusion  of  ideas  than  that  which 
pervades  this  sentence.  The  thickness, 
strength  and  weight  of  the  coil  are  not 
what  govern  the  tension.  They  enter 
into  the  formulae  for  tension — at  least 
the  thickness  does  ;  but  the  principal  and 
governing  factor  is  the  shrinkage,  which, 
throughout  the  whole  of  the  treatise, 
seems  to  be  considered  as  too  indefinite 
a  thing  to  be  practically  dealt  with. 
There  is  no  reason  why  a  weak  thin  coil 
should  suffer  from  over  tension  any  more 
than  a  thick  one,  but  the  contrary. 

A  similar  case  of  confusion  occurs  in 
the   following  paragraph  (p.  29)  of  the 
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treatise  of  1877 :  "  The  shrinkage  over 
the  seat  of  the  charge  is  greatest  of  all, 
as  that  part  of  a  gun  must  be  the  strong- 
est and  firmest,  whilst  the  shrinkage  over 
the  muzzle  is  the  least  for  an  opposite 
reason ;"  the  inference  being  that  strength 
and  shrinkage  are  convertible  terms, 
whereas  they  may  be  the  reverse. 

Proceeding  with  the  description,  at 
page  48  of  the  treatise  of  1872,  it  is  said : 
"  Shrinking  is  employed  not  only  as  an 
easy  and  efficient  mode  of  binding  the 
successive  coils  of  a  built-up  gun  firmly 
together,  but  also  for  regulating  as  far 
as  possible  the  tension  on  the  several 
layers,  so  that  each  and  all  may  contrib- 
ute fairly  to  the  strength  of  the  gun. 
When  two  coils  or  tubes  are  to  be  shrunk 
together,  the  interior  of  the  outside  one, 
having  been  fine-bored  to  that  degree  of 
smoothness  which  is  necessary  for  close 
contact  and  mutual  support,  is  gauged  to 
rotath  of  an  inch  every  12  inches  of  its 
length.  .  .  To  these  measurements  the 
shrinkage  is  added,  and  a  plan  made  out, 
according  to  which  the  exterior  of  the 
inside  coil  must  be  fine-tun)  ed  in  order 
that  it  may  be  exactly  larger  than  the 
bore  of  the  outside  coil  by  the  required 
amount  of  shrinkage  at  the  respective 
points." 

This  is  a  good  description  of  how  a 
gun  ought  to  be  made ;  but,  after  it  has 
been  repeatedly  stated  that  no  definite 
amount  of  shrinkage  is  applied,  that  the 
Woolwich  authorities  have  no  formulae 
for  its  determination,  and  that  the  law 
by  which  it  should  be  governed  is  not 
even  known,  all  these  precautions  to  en- 
sure accuracy  to  the  nnnjth  of  an  inch 
seem  absurd. 

Enough  has  probably  been  said  to 
prove  that  the  present  practice  at  Wool- 
wich is  wanting  in  scientific  precision, 
and  that  the  results  arrived  at  by  the 
costly  experience  of  that  great  establish- 
ment are  based  upon  empiricism,  and 
can  hardly  lead  to  economy,  or  efficiency 
of  construction. 

But  it  is  not  sufficient  to  leave  the 
matter  thus.  A  criticism,  however  just, 
is  of  little  value  unless  it  leads  to  the 
correction  of  error.  An  attempt  will 
therefore  be  made  to  prove  by  calcula- 
tions how  far  the  actual  Woolwich  prac- 
tice is  wrong,  and  to  show  how  the  errors 
there  fallen  into  may  be  avoided. 


To  begin  with  the  case  of  a  homogene- 
ous gun : 

If  E=the  external  radius  of  the  gun; 
p=the  internal       "  " 

y= any  other  intermediate  radius; 
/=the  internal  pressure  in  the  gun; 
£=the  tension  at  y, 
the  equation  for  tension  is — 


•  d) 


Taking  the  case  of  a  9-inch  homogene- 
ous gun  of  the  following  dimensions :- — 

K=19J  inches; 

P=  4J-       " 

and  subjected  to  an  internal  pressure  of 
24  tons  per  square  inch,  the  following 
are  the  values  of  t  and  y  :— 

Value  of  t. 
Tons  per 
Value  of  y.  Square  Inch. 

4.5 26.70 

5.0 21.87 

6.0 15.60 

7.0 11.82 

8.0 9.35 

9.0 7.48 

10.0 6.48 

12.0 4.91 

14.0 4.96 

16.0 3.35 

18.0 2.93 

19.5 2.62 

The  ordinates  of  the  following  curve 
show  the  tensions,  the  abscissae  denoting 
the  corresponding  points  in  the  thick- 
ness of  the  gun.  The  average  tensile 
strain  through  the  thickness  of  15  inches 


Jor  Tons  per  square  inch 


Fig.  I- 


-          A.H 


4«3 


I  5 ]'""■ 

"i* 16       ief'TslJiliNCHls 


will  be  found  to  be  7.2  tons  per  square 
inch;  and,  as  the  total  thickness  is  15 
inches,  the  strength  of  this  gun  will  be 
108    tons  for  each    side,   or  216    tons 
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together.  Now  the  internal  pressure  is 
24  tons  per  square  inch,  or  a  diametrical 
strain  of  24x9  =  216  tons,  which  is  of 
course  the  same  as  the  resistance;  but  it 
is  evident  that  such  a  gun,  if  made  of 
wrought  iron,  must  fail  by  beginning  to 
give    way   at   the   inner    circumference, 


which  rupture  would  gradually  extend. 
and  the  gun  would  burst. 

Proceeding  now  to  the  9-inch  Wool- 
wich gun,  as  built  previous  to  1869. 

Fig.  2  represents  the  gun,  of  which 
the  following  are  the  dimensions  of  the 
coils: — 


9-Inch  Muzzle-Loading  Woolwich  Gun,  Mark  III. 

Fig.  2. 





AA  Steel  tube 
under  the  coil 

BB  Iron  coil 


j  Internal  diameter,  9  inches. 
(  External 

\ 


Internal 
External 


15* 
15* 
39 


Assumed  shrinkage,  y^^  of  the  diameter. 
Modulus  of  elasticity,  18,000  tons  for  the  steel  tube.* 
Modulus  of  elasticity,  12,000  tons  for  the  iron  coil. 
Internal  pressure  of  powder  gas,  24  tons  per  square  inch. 


The  fundamental  formulae  for  tension 
are  as  follows,  using  the  following  nota- 
tion: 

^  Tn  =  tension  at  inner  surface  of  nth 
ring  from  center. 
rn  =  tension  at  outer  surface  of  nth 

ring  from  center. 
fn  =  internal  normal   pressure  of  nth 
ring  from  center. 

fn+i  =  external  normal  pressure  of  nth 
ring  from  center. 
Rn  =  external  radius  of  pressure  of  nth 

ring  from  center. 
pn  =  internal  radius  of  pressure  of  nth 
ring  from  center. 

Tension  at  inner  surface 

m     _/n  (R'n  +  P*n  )~  2/^+1  R'n  ,    v 

J-n  — ™  -5  ....   \<l) 

Xv  7i       I  J  n 

Tension  at  outer  surface 

2/nP5n-/n+l(R2n+pJn)  /M 

rn  =   ™ ~i \t>) 

-tv  n  —  P  n 

In  the  present  case  there  are  two 
rings,  viz.,  the  steel  tube  and  the  iron 
coil. 

Hence  result  the  following  equations: 

*  The  value  here  assumed  for  steel  is  only  an  assump- 
tion. Important  as  this  element  is,  little  is  known  about 
it  as  affected  by  tempering  in  oil. 


and 


_2/,p,'-/,(R,'+p/) 


r,= 


...(c) 

...(d) 
...(e) 


B/-P,' 

r-a/.P.,-/,(B.'+P.1) 

But,  since  the  two  rings  are  in  contact, 

let         K=the  modulus  of  elasticity  of 
the  iron  coil 

Kj=the  modulus  of  elasticity  of 
the  steel  tube; 
therefore 


Ki+kT~P2+"iT 


(9) 


And  since  during  explosion 
/1=24tons,/3=0. 

p,=4.5  inches,  R=p,X  1.001  =  7.632625. 
p3=7.625    "      R3=19.5,K=12,000tons, 
K, =18,000  tons. 

From  equation  (c) 

^=49.6-3.07/,; 
and  from  equation  (d) 

T2  =  1.36/2; 
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also  from  equation  (e) 

^=25.6-2.066/,; 

and  from  equation  (/) 

r=0.36/2; 
also  from  (g) 

r=1.49,  T2-18. 

There  are  therefore  five  equations,  from 
which  are  obtained  the  following  values : 

T  =  16.97  tons  per  square  inch; 
T2=14.45         " 

r=  3.64 

r=  3.83 

These  are  the  tensions  during  explosion, 
with  an  internal  pressure  of  24  tons  per 
square  inch. 

To  find  the  state  of  tension  before  ex- 
plosion, following  the  method  indicated 
by  the  Author  in  1860,  these  values  are 
obtained : 


Tons  per  sq.  in. 

Tx  =  — 13.42  )  The  negative  sign  de- 
Ta=  —  9.04  \  noting  compression. 
r=       5.96 
lf=       1.55 
Table  1  represents  the  conditions  of 
this  gun. 

Table  1. 


Steel  Tube. 
Tension  of  the  interior  surface 
"        "    exterior      " 

Iron  Coil. 
Tension  of  the  interior  surface 
"        "    exterior     " 


Before 
explo- 
sion. 


-13.42 
-  9.04 


+  5.96 
+  1  55 


During 
explo- 
sion. 


+16.97 
+  3.64 


+14.45 
+  3.83 


Supposing  all  things  to  remain  the 
same  except  the  shrinkage,  and  repeating 
the  calculations,  Table  2  shows  the  strains 
with  a  shrinkage  of  zhs,  tthju  and  ^s  of 
the  diameter  respectively: 

Table  2. 


Tensions  of  the  Tube  and  Coil  of  the  9-inch  Gun. 


Modulus  of  Elasticity,  Steel  18,000  tons. 
Iron  12,000     " 


Mark  III. 


Shrinkage. 


inrw 


a 

<p 

s- 
o 


Tube  f     Outer 


Iron  ) 
Coil  f 


Inner  surface. 
Outer      "      . 


.9*1 


Steel  )     Inner  surf  ace. 
Tube  f    |  Outer      "      . 


Iron  ) 
Coil  f 


Inner  surface. 
Outer      "     . 


Tons  per 
Square  Inch. 

—  6.71 

—  4.52 

2.98 
0.71 


23.70 
8.20 

11  47 
3.04 


TUTJTJ- 


Tons  per 
Square  Inch. 

—  13.42 

—  9.04 

5.96 
1.55 


16.97 
3.64 

14.45 
3.83 


-E0T5- 


Tons  per 
Square  Inch. 

—  26.84 

—  18.16 

11.92 
3.10 


60 
30 


20.40 
5.40 


N.  B.— Internal  pressure  during  explosion  =  24  tons  per  square  inch.    The  negative  sign  denotes  compression. 


It  is  to  be  remarked  that  the  effect  of 
shrinkage  depends  upon  the  value  of  the 
moduli  of  elasticity  of  the  materials  used. 
To  exemplify  this,  Table  three  shows  the 
strains  on  the  same  gun,  taking  the  mod- 
ulus of  elasticity  as  12,700  tons  for  iron, 
and  13,330  tons  for  steel,  the  shrinkage 
being  in  both  cases  titW  of  the  diameter. 


From  this  it  appears  that  the  effect  of 
increasing  the  modulus  of  elasticity  is  to 
increase  the  initial  compression  of  the 
steel  tube  and  the  tension  of  the  outer 
ring  before  explosion,  whilst  during  ex- 
plosion it  increases  the  tension  of  the 
steel  tube  and  considerably  diminishes 
the  tension  of  the  outer  ring. 


THE   CONSTRUCTION   OF   HEAVY    ORDNANCE. 


53 


Table  3. 


Module  of 

Elasticity. 

Tensions 

of  Tube  and  Coil 
i  Gun,  Mark  III. 

of  9-incl 

Shrinkage  T^Vo  of  the 

Iron, 

Iron, 

Diameter. 

12,000. 

12,700. 

Steel, 

Steel, 

18,000. 

13,300. 

Tons  per 

Tons  per 

a 

Sq.Inch. 

Sq.Inch. 

Steel 

|  Inner  surface. . 
\  Outer      "      .. 

—13.42 

—11.70 

5 
« 

Tube 

—  9.04 

—  7.86 

o 
E 

o 

Iron 

)  Inner  surface. . 

5.96 

5  19 

s 

Coil 

1 

Outer      "      .. 

1.55 

1.38 

v„C 

Steel 

I 

Inner  surface. . 

16.97 

15.53 

Tube 

flOuter      "      .. 

3.64 

2.67 

h  2 

£  9.  Iron 

[  Inner  surface. . 
f  Outer      "      .. 

14.45 

15.09 

Coil 

3.83 

4.00 

N.B.— Internal  pressure  during  explosion  =  24  tons  per 
square  inch.    The  negative  sign  denotes  compression. 

From  Table  2  it  appears  that  the  effect 
of  increasing  the  shrinkage  is,  before  fir- 
ing, to  increase  the  compression  of  the 
steel  tube  and  the  tension  of  the  iron 
coil  nearly  in  proportion  to  the  increase 
of  shrinkage  ;  and,  during  explosion,  very 
largely  to  diminish  the  tension  of  the 
steel  tube,  but  also  largely  to  increase 
the  tension  of  the  iron  coil. 

Having  thus  shown  the  effest  of  vary- 
ing the  shrinkage  and  the  moduli  of  elas- 
ticity, the  effect  of  firing  on  this  gun  may 
be  examined  on  the  hypothesis  that  the 
shrinkage  is  toths  of  the  diameter,  and  the 
moduli  of  elasticity  12,700  tons  for  iron, 
and  13,330  tons  for  steel,  which  are  be- 
lieved to  be  the  approximate  values  of 
the  material  as  used  at  Woolwich. 

As  regards  the  steel  tube,  it  appears 
that  the  inner  surface  is  exposed  to  a 
sudden  change  from  — 11.70  to  -f  15.83, 
or  a  range  of  27.53  tons  per  square  inch. 
Now  it  is  generally  admitted  that  a  sud- 
den change  is  equivalent  in  effect  to 
double  the  amount  of  a  steady  strain,  so 
that  in  the  present  case  the  effect  would 
be  equal  to  a  steady  strain  of  55.06  tons 
per  square  inch. 

The  elastic  limit  of  crucible  steel  used 
for  guns  is  about  15  tons  per  square 
inch  ;*  consequently  the  steel  tube  is  (on 

*  Vide  Experiments  on  steel  and  iron,  "  Keport  by  a 
Committee  of  Civil  Engineers,''  1S70. 


the   double   strain   hypothesis)   actually 

strained  to  upwards  of  3^  times  its  clastic 
force  by  the  explosion.  Taking  the  iron 
coil,  it  is  seen  from  the  table  that  the 
strain  is  raised  from  5.19  to  15.09  tons, 
or  a  sudden  change  of  9.90  tons,  equiva- 
lent in  effect  to  a  steady  strain  of  19.80 
tons  per  square  inch,  which,  added  to  the 
initial  strain  of  5.19,  is  equal  in  effect  to 
a  strain  of  25  tons  per  square  inch.  This 
is  rather  above  the  breaking  strain  of  the 
material,  and  therefore  it  is  clear  that  if 
the  law  of  a  sudden  strain — being  equal 
to  double  that  of  a  steady  strain — be  true, 
the  inner  surface  of  the  iron  coil  must  be 
ruptured  by  the  first  firing,  f  As,  how- 
ever, it  may  be  argued  that  there  is  no 
certainty  about  the  relative  effect  of  sud- 
den and  steady  strains,  the  effect  of  the 
calculated  strains  simply  will  now  be 
considered.  From  Table  3  it  af>pears 
that  during  explosion  the  actual  strain 
of  the  inner  surface  of  the  iron  coil  is 
15.09  tons  per  square  inch.  Now  the 
elastic  limit  of  the  material  does  not  ex- 
ceed 10  tons  per  square  inch,  conse- 
quently there  is  an  excess  of  strain  of  5 
tons  per  square  inch.  The  permanent 
set  of  the  material  is  about  0.00001  of 
the  length  per  nraiW  ton  of  excess  strain, 
consequently  the  inner  radius  p3  becomes 

come 


X   1.00005,  and  the  values  of  p3  be- 


before  first  firing,  7.625 ; 
after  first  firing  .  .  7.62538125; 

so  that  the  shrinkage  after  the  first  firing 
is  no  longer  0.007625,  but  only  0.007245, 

and  the  values  of  |  =  j^- 

By  solving  the  equations  of  tension 
with  their  new  values,  the  following  are 
obtained: 

Tj  =  16.26  tons  per  square  inch; 
r=  3.17 
T,-14.77 
r=  3.91 

Thus  by  the  first  firing  the  tension  on 
the  steel  tube  is  increased  from  15.23 
tons  to  16.26  tons,  or  1\  ton  above  its 
elastic  force;  and  a  further  permanent 

t  Mr.  Kirkaldy  ("Experiments  in  Wrought  Iron  and 
Steel,"  1863,  page  83)  states,  as  the  result  of  his  own  ex- 
periments, that  the  effect  on  iron  of  a  suddenly  applied 
strain  is  equivaleut  to  a  steady  pull  about  1*%  per  cent, 
greater.  This  ratio,  however,  will  no  doubt  depend 
greatly  upon  the  material  under  trial  — J.  A.  L. 
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set  is  caused  by  the  second  firing,  due  to 
an  excess  strain  of  4.77  tons  above  the 
elastic  limit  of  the  iron  coil. 

Repeating  the  calculations  with  the 
new  values  thus  obtained,  it  will  be 
found  that  the  tensions  at  the  third 
firing  are 

T,=16.60 

t=  3.49 
T2=14.62 

r=  3.87. 

Thus  each  successive  firing  results  in  a 
decrease  of  the  shrinkage,  and  an  in- 
crease in  the  tension  of  the  steel  tube; 
and  the  inquiry  therefore  arises  what 
will  be  the  consequence  when,  by 
repeated  firing,  the  shrinkage  is  reduced 
to  zero? 

P3 
In  this  case^-=l,  and  by  solving  the 

resulting  new  equations  the  tensions  are 
found  to  be 


T>: 

=27.2  tons  per  square  inch 

rr" 

=10.5 

u 

T,= 

=  9.94       " 

u 

V 

=  2.63       " 

a 

In  this  condition  of  the  gun,  let  it  be 
required  to  ascertain  the  distribution  of 
the  strains  between  the  steel  tube  and 
the  iron  jacket. 

The  equation  for  this  purpose  is 

t-fip'-ffi*       (/-/,)BaPa 
Ra-/>9    +      (R'-pV 
By    making  .£=24,  /2  =  7.30,*    and  the 
following  values  of  tensions   for  corre 
sponding  values  of  y  (the  distance  from 
the  center  of  the  bore)  will  be  obtained. 


Steel  Tube. 

Iron  Coil. 

y- 

t 

y- 

I. 

Inches. 

Tods. 

Inches. 

Tons. 

4.5 

•27.20 

7.6325 

10.50 

5.0 

•22.33 

8.00 

9.10 

6.0 

16.01 

10.00 

6.34 

7.0 

1-2.20 

12  00 

4.80 

7.6-25 

10.50 

14.00 

3.83 

— 

16.00 

3.26 

— 

18.00 

2.86 

— 

— 

19.50 

2.63 

The  state  of  the  gun  during  explosion 
is  represented  by  Fig.  3.  where  the  ordi- 

*This  value  is  found  from  the  general  equation  (/). 


nates  denote  pressures  at  the  distances  of 
the  abscissae  from  the  center  of  the  bore. 

Fig.  3. 

3o[^Tonsper  square  inch 


By  taking  the  area  of  this  curve,  the 
resistance  of  the  gun  is  found  to  be — 

Tons. 

For  the  steel  tube 52 

For  the  iron  jacket 56 

108 

Corresponding  with  the  internal  pressure 
on  the  half  diameter,  or  4J-X  24=108 
tons.  Thus  nearly  one-half  of  the  strain 
is  thrown  on  the  steel  tube  of  3f  inches 
thickness,  which  is  doing  nearly  as  much 
work  as  the  12  inches  thickness  of  iron. 
The  steel  tube  is,  moreover,  strained  to 
upwards  of  27  tons  per  square  inch,  or 
about  12  tons  beyond  its  elastic  limit. 
The  consequence  is  that  permanent  set 
takes  place,  increasing  with  each  firing, 
and  in  time  the  gun  fails  by  the  cracking 
of  the  inner  tube.  Such  is  the  inevitable 
result  of  a  gun  of  the  above  dimensions, 
built  with  the  regulation  shrinkage,  if 
there  be  such  a  thing,  of  nsW  of  the  di- 
ameter. It  might  easily  be  shown  how 
such  a  state  of  things  would  be  aggra- 
vated by  other  conditions  of  shrinkage, 
or  by  variations  in  the  moduli  of  elas- 
ticity of  the  material,  of  which  do  ac- 
count appears  to  be  taken  at  Woolwich ; 
but  enough  has  probably  been  said  to 
show  how  unscientific  is  the  present 
practice,  and  to  make  it  obvious  that  the 
cracking  of  the  steel  tubes  of  the  Wool- 
wich guns  is  only  a  question  of  time. 

Without  doubt  a  better  result  might 
be  arrived  at  by  altering  the  initial 
shrinkage  ;  but  the  author  believes  that 
a  safe  9-inch  gun  cannot  be  made  on  the 
Woolwich  dimensions.  To  make  a  safe 
gun,  it  is  necessary  that  no  portion  of  it 
shall,  under  any  circumstances,  be  strain- 
ed so  as  to  acquire  a  permanent  set ;  and 
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if  the  idea  be  correct  that  a  sudden  strain 
is  equivalent  in  effect  to  double  the  steady 
strain,  it  follows  that  no  gun  should  ever 
be  strained  beyond  5  tons  per  square 
inch  for  iron,  and  7^  tons  for  steel ;  and 
this  it  is  not  possible  to  accomplish  in  a 
9-inch  gun  with  an  internal  pressure  of 
24  tons  per  square  inch,  constructed  on 
the  Woolwich  system  and  dimensions, 
with  one  or  two  thick  coils. 

It  may  be  said  that  it  is  unfair  to  go 
back  to  a  construction  of  1869.  The  in- 
quiry will,  therefore,  be  extended  to  the  la- 
test Woolwich  gun,  the  81-ton  gun  of  the 
present  day.  assuming  it  to  be  bored  out 
to  16  inches  diameter.  In  the  absence 
of  exact  information  regarding  the 
moduli  of  elasticity.*  calculations  have 
been  made  on  two  hypotheses :  first,  that 
the  moduli  of  elasticity  were  for  iron 
12.000.  and  for  steel  24,000;  and  second, 
for  iron  12.700.  and  for  steel  13,330. 
The  shrinkrage  has  been  taken,  in  both 
cases,  at  VsVo  of  the  diameter,  and  the  in- 
ter nal  pressure  during  explosion,  in  both 
cases,  at  24  tons  per  square  inch. 

The  condition  of  the  gun  before  fir- 
ing and  during  explosion  is  shown  in 
Table  4,  and  Figs.  4  and  5. 

Fig.  4. 

■Tons  per  square  inch  Tension 


in  the  case  of  the  9-inch  gun  will  inevita- 
bly follow,  leading  eventually  to  the 
cracking  of  the  inner  or  steel  tube. 

Table  4. 


Tensions  of  80-ton  Gun. 


.2 
«a 

J~ 
o 

pq 


Steel  \ 
Tube} 

!  First  j 
Ring  ( 


Inner  surface 
Outer      " 

I  Inner  surface 
Outer      " 


Sec'nd  (Inner surface 
Ring  (  Outer 


a. 
x 

a 
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n 


Steel  j 
Tube  ( 

First  j 
Ring  ( 

Sec'nd  ( 
Ring  1 


Inner  surface 
Outer      " 

Inner  surface 
Outer      " 

Inner  surface 
Outer      " 


Modulus  of 
Elasticity. 


Iron, 
12,000. 

Steel, 
24,000. 


Tons  per 
Sq.  inch. 

—28.08 
—19.87 

2.05 
—  1.61 

10.37 
5.81 


0.04 
-  6.66 

7.69 
2.43 

14.43 
8.10 


Iron, 
12,700. 

Steel, 
13,330. 


Tons  per 
Sq.  Inch. 
—20.55 
—14.45 

—  1.40 

—  2.67 

9.89 
5.55 


6.76 
-1.94 

11.30 
1.57 

13.56 
7.62 


2i 


N.B.— Internal  pressure  24  tons  per  square  inch.     The 
negative  sign  denotes  compression. 

Fig.  5. 

ao\~Tonsper  square  inch  Tension 


* —..i  3.  _-...__*.- 


2bL-Tons per  sgiiare  inch  Compression 

In  both  cases  the  tension  of  the  inner 
surface  of  the  outer  ring  is  strained  be- 
yond its  elastic  limit  during  exrnosion  by 
the  simple  strain.  What  must  it  be  then 
if  the  suddenness  of  the  strain  increases 
the  effect  two-fold  ?   The  result  indicated 


*  This  observation  refers  to  steel  tempered  in  oil. — 
J.  A.  L. 


ao&Tons per  square  inch  Compression 

Figs.  4  and  5  represent  graphically 
the  conditions  of  this  gun  as  shown  by 
Table  4. 

In  both  cases  it  is  apparent  that  the 
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uniform  shrinkage  of  to-W  of  the  diam- 
eter is  unsuited  to  the  dimensions  of  the 
tube  and  rings,  and  that  a  gun  so  con- 
structed within  the  limits  of  the  moduli 
of  elasticity  assumed  must  inevitably  fail 
by  cracking  the  inner  steel  tube.  It  is, 
however,  possible  to  construct  a  gun  of 
16-inches  bore,  with  a  steel  tube  and  two 
iron  coils  in  lings,  as  in  the  81-ton  gun, 
which  shall  resist  an  internal  pressure  of 
24  tons  per  square  inch,  whilst,  at  the 
same  time,  no  part  of  the  gun  shall  be 
strained  beyond  10  tons  per  square  inch. 
The  process  of  calculation  is  too  long 
to  be  given  here,  but  the  following  are 

the  results : 

Inches. 

Inner  radius  of  the  steel  tubes 8.0000 

Outer      "        "  "        "    143902 

Inner      "        "        first  iron  ring 14.3770 

Outer      "        "  "  M      26.6065 

26.5900 
42.5410 

The  following  is  a  comparison  of  these 
dimensions  with  those  of  Woolwich  81- 
ton  gun : 

Proposed  Woolwich 

Gun.        Gun. 

Inches.     Inches. 

Internal  radius  of  steel  tubes.  8.0000  8.0000 
External  "  "  "  14.3900  12.0000 
External    "         gun 42.5400      36.0000 

The  moduli  of  elasticity  in  the  pro- 
posed gun  are  assumed. 

Tons. 

For  steel 13.330 

For  iron 12.700 

Fig.   6   shows  the   conditions   of   the 
Fig.  6. 

io|^  Tons  per  square  inch  Tension 

BEFORE  FIHTNG 


O)-— * S--  6-.39— *■ —42-20 


tube  and  rings  of  the  proposed  gun  be- 
fore firing  and  during  explosion. 

By  calculating,  from  the  formulae  above 
given,  the  strains  borne  during  explosion 
for  each  ring,  the  following  results  are 

obtained : 

Tons. 

16.18 

59.71 

116.05 


Steel  tube 

First  iron  ring.  . . 
Second  iron  ring. 


.resistance  to  rupture. 


Total 191.94 


Inner 

it 

t( 

second  iron  ring 

Outer 

(i 

c  t 

(<        t(      t* 

K 


Tonsjper  mpmn  inch  Compression 
—Tons  per  square  inch  Tension 


DURING  EXPLOSION 


—  - 42t20— -~jfc— — — 4*.-8 


Now  the  internal  pressure  on  each  side 
of  the  gun  is  8  X  24  =  192  tons,  agree- 
ing exactlv  with  the  calculated  strains. 

Taking  again  the  strains  before  firing, 
the  following  results  are  obtained : 

Tons. 

Compression  of  the  steel  tube. ..  .49.54 
"      first  iron  rinff.  17. 97 


Z.T<rns -per  square 
inch  Compression 


67.51 
Tension  of  the  second  ring 67.51 

Showing  the  perfect  consistency  of  the 
results  of  the  formulae  throughout. 

In  the  case  of  the  proposed  gun,  it  will 
be  seen  that  the  shrinkage  is  not  the 
same  between  the  steel  tube  and  the  first 
iron  ring  as  it  is  between  the  first  and 
second  iron  lings,  the  proportions  of  the 
respective  radii  being — 

E2  =  1.00062p, 

and 
R,  =  1.0009176P, 

In  fact  each  successive  pair  of  rings 
must  have  a  definite  shrinkage  of  their 
own.  which  is  altogether  at  variance  with 
the  Woolwich  practice. 

In  the  late  trial  u  Thomas  v.  Queen  " 

it  was  given  in  evidence  by  Major-Gen- 

eral  Younghusband,  C.B.,  R.A..  that  the 

Woolwich  rule  for  all  guns  from  7  inches 

-,n  •     i  m  thickness      ,  __ 

to  16  inches  caliber  was — ^ =  1.  <  5. 

caliber. 

In  the  gun  of  the  same  caliber,  above 
proposed  by  the  Author,  it  would  be  2.15 
times  the  caliber ;  and  it  may  be  easily 
shown  from  the  formulae  that  the  ratio 
is  not  a  constant,  but  varies  according 
to  the  number  of  rings  employed,  and  to 
other  circumstances.  It  may  be  stated 
generally  that  the  construction  of  guns 
upon  fixed  ratios,  whether  those  of  thick- 
ness or  of  shrinkage,  is  contrary  to  sci- 
entific principles,  and  can  only  lead  to 
costly  experiments  ending  in  eventual 
failure. 
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The  investigation  hitherto  has  been 
confined  to  the  circumferential  strains 
caused  by  the  explosion.  There  is,  how- 
ever, another  strain  which  must  not  be 
lost  sight  of.  This  is  the  longitudinal 
strain  on  the  chase  of  the  gun  between 
the  breech  and  the  trunnions,  due  to  a 
force  equal  to  the  products  of  the  area 
of  the  gun  and  the  internal  pressure. 
This  force  is  absorbed,  partly  by  the 
mass  of  the  gun,  and  partly  by  the  mass 
of  the  gun  carriage  and  the  resistance  of 
the  compressors.  In  all  guns  hitherto 
constructed,  the  latter  portion  and  the 
greater  part  of  the  former  is  transmit- 
ted to  the  trunnions  through  the  body 
of  the  gun. 

In  the  case  of  the  81-ton  gun  the  force 
is  4,824  tons  ;  and,  supposing  two-thirds 
of  this  force  to  be  transmitted  through 
the  outer  coil  to  the  trunnions,  there  will 


be  a  strain  of  3,210  tons  on  a  sectional 
area  of  2,481  square  inches,  or  1.8  ton 
per  square  inch,  if  the  strain  be  equally 
distributed  through  the  section. 

As,  however,  the  strain  is  transmitted 
chiefly  from  the  surface  of  the  inner  cir- 
cumference, it  will  probably  be  not  far 
wide  of  the  mark  to  assume  a  tensile 
strain  of  3  tons  per  square  inch  at  that 
part  of  the  structure. 

The  question  then  arises  as  to  what  is 
the  effect  of  this  strain  of  three  tons  per 
square  inch,  combined  with  the  other 
strains  at  right  angles  to  it,  amounting, 
as  shown  in  Table  4,  to  13£  or.l4J  tons 
per  square  inch?  It  will  scarcely  be 
maintained  that  any  material  can  sustain 
at  the  same  time  two  distinct  strains  in 
different  directions,  either  of  which  taken 
separately  would  bring  it  to  the  verge  of 
rupture. 


Suppose  a  bar  of  iron  A  B  to  be  strain- 
ed to  the  utmost  of  its  resisting  force  in 
the  direction  P,  each  particle  in  the  sec- 
tion C  D  is  on  the  verge  of  parting  from 
the  corresponding  particle  E  F.  If  now 
at  this  instant  the  forces  Q  are  applied 
tending  to  lengthen  the  distance  C  D 
and  to  shorten  the  distance  C  E,  it  is  evi- 
dent that  fracture  will  result. 

What  is  true  of  ultimate  fracture  is 
also  true  of  the  elastic  limit. 

If  then  two  sets  of  forces  are  applied 
to  a  piece  of  metal  in  directions  at  right 
angles  to  each  other,  as  in  a;  a;  and  y  y, 
and  if  one  of  these  be  =  x  and  the  other 
to  T,  the  joint  effect  will  be  in  the  direc- 
tion of  the  resultant,  or  ^/X*  X  Y\ 

Applying  this  to  the  case  of  the  81-ton 
gun.  it  appears  that  the  strain  will  be 
^/142  +  32  =  14.32  tons,  from  which  it  may 
be  assumed  that  the  longitudinal  strain 
has  comparatively  little  effect.  It  may, 
however,  be  asked,  whether  there  is  not 
a  danger  of  the  tubes  slipping  over  each 
other  from  the  force  of  the  recoil  ?      It 


Fig.  8. 


may  be  shown  by  the  formulae  that  the 
normal  pressure  between  two  coils  is 

and  in  the  case  of  the  outside  ring 

T  =14, 
R"=36,p,=22.5j 

790 


whence    /,  =  14Xj- 
square  inch. 


=  6.135  tons  per 
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Taking  a  charge  of  360  lbs.  of  pebble 
powder  spaced  to  30  cubic  inches  to  the 
lb.,  the  space  occupied  by  the  cartridge 
would  be  10,800  cubic  inches  ;  and  add- 
ing to  this  a  length  of  six  inches  of  the 
bore,  at  which  point  of  the  progress  of 
the  shot  the  maximum  pressure  is  reach- 
ed, the  total  volume  is  12,006  cubic  inches 
filled  with  the  powder  gas  at  a  pressure 
of  24  tons  per  square  inch.  This  gives 
a  length  of  bore  of  about  60  inches  ex- 
panded to  the  maximum  pressure ;  con- 
sequently the  inner  surface  of  the 
outer  tube  is  under  a  pressure  of  22.5 
XttX60x6.135=27,017  tons.  If  the 
coefficient  of  friction  be  taken  at  -J-,  the 
force  necessary  to  produce  motion  must 
exceed  4,336  tons ;  and  as  the  actual 
strain  does  not  exceed  3,216  tons,  there 
is  a  good  margin  irrespective  of  the  half- 
lapping  of  the  coils  just  in  front  of  the 
trunnions.  There  is  therefore  no  danger 
of  the  coils  slipping  in  the  jacket. 
Should,  however,  the  coils  acquire  a  per- 
manent set  the  case  would  be  different, 
and  but  for  the  half-lapping  the  coils 
might  be  displaced. 

The  result  of  the  preceding  investi- 
gation shows  that,  although  heavy  ordi- 
nance may  be  successfully  constructed  on 
the  system  of  a  steel  tube  fortified  by 
two  or  three  thick  coils  of  iron,  yet  the 
success  depends  upon  an  accurate  knowl- 
edge of  the  elasticities  of  the  metal,  and 
a  careful  application  of  a  reliable  formula, 
neither  of  which  appears  to  enter  into  the 
Woolwich  practice.  It  is  therefore  not 
surprising  that  the  Woolwich  guns  fail 
by  cracking  the  inner  tube ;  and  although 
they  may  for  a  time  resist  the  force  of 
the  explosion,  the  ultimate  result  must 
be  failure. 

The  argument  constantly  used  from 
what  is  termed  the  endurance  of  a  gun 
under  a  long-continued  series  of  firings 
is  a  fallacious  one.  In  a  previous  dis- 
cussion at  the  Institution,  Captain  Simp- 
son, U.  S.  Navy,  had  stated  that,  "  as  a 
proof  of  the  sufficient  strength  of  the 
metal  proposed  (cast  iron)  references 
was  made  to  firing  with  a  68-pounder, 
the  gun  actually  not  bursting  until  tested 
with  a  charge  of  7^-  lbs.  of  powder  and  a 
projectile  of  450  lbs.  weight,  having  pre- 
viously fired  a  succession  of  series  of  10 
rounds  each  with  projectiles  of  90  lbs., 
135 lbs.,  180  lbs.,  225  lbs.,  270 lbs.,  315  lbs., 
369  lbs.,  and  405  lbs.     With  such  a  speci- 


men of  endurance  of  cast  iron,  the  Author 
had  a  right  to  confidence  in  that  material." 

Now,  apart  from  the  consideration 
that  the  weight  of  the  projectile  (the 
charge  remaining  the  same)  has  compar- 
atively little  influence  on  the  internal 
pressure,  the  probability  is  that  from  the 
very  first  firing  the  iron  surface  began 
to  give  way,  and  that  the  strength  went 
on  decreasing  until  the  final  round,  when 
the  gun  went  to  pieces.  Nothing  can 
be  more  certain  than  that  as  soon  as  the 
tension  of  the  inner  surface  exceeds  the 
elastic  limit  of  the  material  the  gun  must 
eventually  burst ;  the  final  catastrophe  is 
only  a  question  of  time.  This  applies  to 
every  description  of  gun ;  hence  the  ne- 
cessity of  an  exact  knowledge  of  the 
nature  of  the  material,  and  of  a  formula 
whereby  the  proper  dimensions  may  be 
determined. 

Other  important  questions  arise,  viz., 
as  to  the  construction,  and  the  time  oc- 
cupied in  turning  heavy  guns  out  of  the 
workshop. 

Accurate  information  on  the  former  of 
these  heads  it  is  perhaps  impossible  to 
obtain,  mixed  up  as  the  cost  has  hitherto 
been  with  the  large  outlay  of  capital  nec- 
essary on  each  successive  increase  in 
dimensions  of  the  gun.  It  is  said,  in  the 
treatise  of  1872,  p.  25,  that  the  cost  of 
constructing  guns  of  the  original  type  is 
£100  per  ton,  and  of  Fraser  or  Wool- 
wich guns  £65  per  ton.  On  the  other 
hand,  it  has  been  publicly  stated  that  the 
cost  of  the  Armstrong  100-ton  gun  is 
£16,000,  or  £160  per  ton,  and  of  the  81- 
ton  gun  £8,000,  or  nearly  £100  per  ton. 

Judging  from  the  past,  twelve  months 
would  be  a  moderate  time  for  the  con- 
struction of  one  Of  these  guns,  though 
by  ai\  increase  of  machinery,  plant,  &c, 
no  doubt  several  guns  could  be  manu- 
factured in  the  same  time ;  but  any  in- 
crease in  size  will  probably  necessitate 
new  machinery;  and  were  a  gun  of  150 
tons  to  be  put  in  hand  at  Woolwich,  it  is 
not  likely  that  it  could  be  turned  out  with- 
in eighteen  months  from  the  date  of  com- 
mencement. 

The  question  is  therefore  of  import- 
ance, whether  any  other  system  of  con- 
struction would  lead  to  a  greater  econ- 
omy of  time  and  money,  and,  if  so,  to 
what  extent. 

Believing  that  the  principle  of  con- 
struction pointed  out.  by  the  Author,  in 
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his  Paper  of  1860,  would  lend  to  such 
economy,  it  will  now  be  shown  how  such 
system  may  be  practically  applied  to  the 
construction  of  heavy  guns,  whether 
muzzle  or  breech  loaders.  It  being  ad 
mitted  that  the  efficiency  of  the  built-up, 
or  hoop  system,  approaches  nearer  to 
theoretical  perfection  as  the  thickness  of 
each  hoop  decreases,  it  is  evident  that 
the  method  of  coiling  wire  round  a  cen- 
tral tube,  each  successive  coil  having  its 
proper  initial  tension,  affords  an  easy 
and  practical  mode  of  construction,  and 
at  the  same  time  enables  the  material  of 
every  portion  of  the  structure  to  be  thor 
oughly  tested,  and  applied  with  its  own 
appropriate  strain. 

So  far  there  can  be  no  dispute,  the 
circumferential  strain  can  be  met  by  a 
structure  which  is  practically  of  uniform 
strength,  so  that  for  any  internal  press- 
ure one  square  inch  at  the  external  cir- 
cumference of  the  gun  shall  be  strained 
exactly  to  the  same  extent  as  at  the 
internal.  Thus  the  strength  of  a  gun 
can  be  increased  to  any  required  extent 
by  a^simple  increase  of  its  thickness,  and 
the  strain  in  every  portion  reduced  be- 
low its  elastic  limit. 

The  longitudinal  strain  can  be  pro- 
vided for  by  material  independent  of  the 
chase  of  the  gun,  so  that  this  latter  has 
no  work  to  do  beyond  resisting  the  cir- 
cumferential of  bursting  strain. 

There  are  various  methods  of  accom- 
plishing this,  of  which  the  following 
types  are  illustrated  by  diagrams. 

HEAVY   MUZZLE-LOADING   GUN. 

First  type. —  Chin  recoiling  on  its 
Carriage. 

The  gun  (Fig.  9)consists  of  an  inner 
tube,  A  A,  round  which  coils  of  wire  B  B, 
are  wound,  decreasing  in  number  and 
tension  from  the  powder  chamber  to  the 
muzzle.  The  tube  is  open  at  both  ends, 
but  the  breech  is  closed  by  a  plug,  C, 
fitted  with  a  gas  check.  This,  which 
forms  virtually  the  chase  of  the  gun,  and 
which  is  of  such  strength  that  no  portion 
of  it  can  be  strained  beyond  its  elastic 
limit,  is  encased  in  a  cast-iron  shell  made 
in  two  parts,  DD  and  E  E,  firmly  held  to- 
gether by  wrought-iron  bolts,  F  F,  or  by 
other  methods.  The  breech  plug  butts 
against  the  heavy  casting,  EE,  which  is 
furnished  with  trunnions,  GG.    To  these 


trunnions  rollers,  HH,  are  fitted,  so  that 
when  the  £un  recoils  the  rollers  carry 
the  breech  backwards  along  the  carriage, 
III,  which  is  inclined  upwards  at  the 
back. 

The  chase  is  supported  upon  a  roller, 
K,  which  is  raised  or  lowered  by  hydrau- 
lic pressure.  Thus  there  is  no  longitu- 
dinal strain,  on  the  chase  of  the  gun,  ex- 
cept what  is  due  to  the  action  of  the 
bolts,  F  F,  which  draw  back  the  outer 
covering  of  the  chase,  the  inner  shell  and 
wire  coils  being  altogether  free  from  ten- 
sile strain.  The  recoil  is  taken  up  by 
the  inertia  of  the  heavy  mass  behind  the 
breech  plug,  and  by  the  force  of  gravity 
on  the  ascending  planes  of  the  carriage, 
aided,  if  required,  by  compressors. 

The  carriage  is  mounted  turn-table- 
wise,  and  revolves  round  a  center  pivot, 
so  that  the  gun  can  be  trained  in  any 
direction. 

Second    type. — Muzzle-loading     Gun 
mounted  on  ordinary  G-un-carriage. 

Here  (Fig.  10)  the  main  trunnious  are 
behind  the  breech  as  in  the  first  type; 
but  instead  of  being  fitted  with  rollers 
they  are  connected  by  side  rods  with  the 
cariage  trunnions.  Thus  again  the  lon- 
gitudinal strain  from  the  recoil  is  taken 
up  by  material  quite  independent  of  the 
chase  of  the  gun. 

BREECH-LOADING   GUN. 

In  these  guns  (Fig.  11)  the  breech  plug 
is  fixed  to  a  massive  block,  A  A,  ar- 
ranged to  slide  backwards  or  forwards 
along  the  side  rods,  B  B.  Through  this 
block  passes  a  heavy  eccentric  shaft,  C, 
which  terminates  on  each  side  of  the  rods 
B  B.  When  the  eccentric  is  in  its  for- 
ward position,  the  sliding  block  comes 
up  to  the  breech  end,  the  plug  enters 
into  the  chase,  and  being  fitted  with  a 
proper  gas  check,  all  escape  of  the  gases 
of  the  explosion  is  prevented. 

On  the  side  rods  are  forged  the  car- 
riage trunnions,  D,  and  on  their  pro- 
longations are  forged  the  eyes,  which 
receive  the  trunnions  of  the  chase  E. 
These  are  placed  at  such  a  distance  from 
the  end  of  the  chase  that  when  the  gun 
is  unloaded,  as  after  firing,  and  the  slid- 
ing breech-block  drawn  back  by  revers- 
ing the  eccentric,  the  chase  of  the  gun 
turns  on  its  proper  trunnions,  and  the 
breech  tips  up,  so  that  the  bore  clears 
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the  sliding  block  and  permits  the  intro- 
duction of  the  projectile  and  cartridge. 
The  weight  of  these  restores  the  prepon- 
derance to  the  breech  end,  which  falls 
back  into  position,  the  eccentric  is  re- 
versed, the  breech  closed,  and  the  gun 
ready  for  firing. 

Here,  too,  it  will  be  seen  that  the 
chase  is  free  from  all  longitudinal  strain, 
which  is   transmitted  from  the   breech- 


P^TTpPu 


block  to  the  carriage  trunnions  by  the 
side  rods. 

In  this  system  of  construction  there  is 
obviously  no  practical  limit  to  the  size  of 
the  gun.  Whatever  be  the  caliber,  it  can 
be  strengthened  by  the  wire  coils  to  any 
requisite  degree,  and  the  side  rods  and 
trunnions  may  be  made  of  any  strength 
needful.  All  the  strains  are  direct,  the 
requisite  strengths  are  obtained  by  cal- 
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Fig.   10. 


dilations,  and  every  part  of  the  gun  is 
made  without  difficulty. 

The  only  practical  objection  raised 
during  the  discussion  at  the  Institution 
of  Civil  Engineers  in  1860,  namely,  that 
of  preventing  the  breech  blowing  off  the 
chase  is  effectually  provided  against,  and 
the  whole  course  of  construction  is  sim- 
ple and  inexpensive. 

Whilst  for  that  portion  of  the  struc- 
ture which  has  to  resist  strains  the  high- 
est quality  of  material  is  used,  and  every 
portion  of  it  tested  before  use ;  for  other 


portions,  where  mere  dead  weight  is 
wanted,  the  very  eheap  material  cant  iron 
is  applicable. 

No  careful  measurement  to  the  T-^^ 
inch  is  required ;  no  inaccuracy  of  shrink- 
age is  possible ;  no  latent  flaw  of  the 
material  is  to  be  dreaded.  Each  wire,  as 
it  goes  into  the  structure,  is  tested,  and 
takes  its  place  under  the  proper  tension, 
actually  applied  directly  as  the  wire  is 
coiled  on. 

Again,  the  side  rods  when  present  may 
be  thoroughly  tested  before  use ;  and  the 
strains  to  which  they  are  subjected  be- 
ing direct  tensile  strains,  no  possible 
error  can  arise. 

It  is  especially  as  regards  breech-load- 
ers of  large  size  that  this  system  is  ap- 
plicable. The  loading  becomes  an  oper- 
ation of  the  simplest  nature,  performed 
by  men  under  cover ;  the  breech  appara- 
tus cannot  blow  out  or  burst.  There  is 
no  ascape  of  gas  from  the  breech,  and 
the  giui  can  be  fired  by  a  simple  detonat- 
ing arrangement,  which  precludes  the 
possibility  of  any  rush  of  gas  from  the 
vent,  and  the  attendant  wear  of  vents 
due  to  that  cause. 

A  small  gun,  constructed  on  this  sys- 
tem by  the  Author,  was  repeatedly  fired 
with  heavy  charges  of  powder  and  heavy 
projectiles,  whilst  a  cambric  handkerchief 
laid  over  the  breech  was  not  soiled. 

The  cost  of  this  system  of  construction 
will  now  be  compared  with  the  Woolwich 
system.  For  this  purpose  take  a  13-inch 
breech-loading  gun,  shown  in  Fig.  10. 
The  length  of  the  gun  would  be  22  cali- 
bers, or  24  feet  from  breech  plug  to 
muzzle.     The  weight  is  45^  tons. 

The  cost  of  this  gun  would  be — 

Tons.        £  £ 

Wrought  iron. . .  .17    at    30  =  510 

Cast  iron 10     "      7  =  70 

Steel  tube :..  3     "     80  =-  240 

Breech  plug i   gl    46  =  23 

Steel  wire 15     "100=  1,500 

£2,343 
or  about  £51  per  ton. 

In  the  next  place,  take  a  20-inch  muz- 
zle-loading gun  of  Type  1,  that  is,  one  re- 
coiling on  the  carriage. 

This  gun  would  be  30  feet  long  in  the 
chase,  and  would  weigh  150  tons,  and  it 
would  throw  a  solid  shot  of  3,000  lbs. 
weight  with  a  muzzle  velocity  of  1,600 
feet  per  second. 
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Its  cost,  and  the  material  used  in  its 
construction,  would  be — 

Tons.        £  £ 

Wrought  iron 10    at    20  =  200 

Cast  iron 96£  "      8  =  772 

Steel  tube 10    "    80  =  800 

Breech  plug \\  "    46  =  69 

Steel  wire 32    "  100  =  3,200 


or  £33  16s.  per  ton. 


£5,041 


In  neither  case  would  the  material  be 
strained  up  to  its  elastic  limit. 

The  calculations  of  cost  have  been 
made  on  the  assumption  that  the  inner 
tubes  of  these  guns  are  of  steel,  accord- 
ing to  the  Woolwich  practice.  It  is, 
however,  believed  that  there  is  no  neces- 
sity for  this  expensive  material,  but  that 
an  inner  tube  of  hard  and  probably  of 
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chilled  cast  iron,  would  be  as  durable,  if 
not  more  so,  than  steel. 

The  function  of  the  inner  tube  is  sim- 
ply that  of  transmission  of  force.  It  has 
little  or  nothing  to  do  with  resisting  the 
explosion.  In  fact,  the  wire  may  be  so 
arranged  that  the  inner  tube  is  never  in 
a  state  of  tension. 

It  may  be  thought  that  cast  iron  would 
be  shattered  under  the  concussion  of  the 
explosion.  The  contrary  has  been 
proved,  not  only  by  the  experimental 
cylinders  described  by  the  Author  in 
1860,  but  by  a  3-inch  breech-loading  gun 
since  made,  which  has  resisted  repeated 
firing  of  heavy  charges,  although  the 
inner  tube  of  cast  iron  is  only  £  inch 
thick. 

Should  the  Author's  opinion  of  cast 
iron  prove  correct,  the  cost  of  guns  built 
on  the  proposed  system  would  be  still 
further  reduced,  and  the  total  cost  of  a 
150-ton  gun  would  probably  not  exceed 
£4,500,  or  £30  per  ton. 

Now,  from  the  Blue  Book  entitled 
"Army  Manufacturing  Establishments," 
ordered  by  the  House  of  Commons  to  be 
printed  8th  April,  1878,  it  appears  that 
the  average  cost  of  muzzle-loading  Wool- 
wich guns  in  1876-7  was — 

£ 

10-inch  guns  of  18  tons  each 74  per  ton. 

11     "        "        25     "      "    ....80       " 

12*  •'        "        38     "     "     ....90       " 


Assuming  the  same  rate  of  increase 
according  to  the  weight,  the  cost  of  a 
150-ton  gun  would  be  not  less  than  £180 
per  ton  ;  but  even  were  it  only  £120 
per  ton  it  would  cost  £18,000,  as  against 
£4,500,  the  cost  of  the  proposed  system. 
It  is  impossible  to  guess  what  would  be 
the  cost  of  a  150-ton  breech-loader  at 
Woolwich,  if  such  a  gun  could  be  made. 
Whilst  in  the  Author's  system  the  cost 
per  ton  would  be  very  little  more  than 
that  of  the  muzzle-loader. 

The  Author  does  not  venture  to  es- 
timate how  long  a  time  it  would  take  to 
make  a  gun  of  150  tons  weight  at  Wool- 
wich, nor  what  would  be  the  cost  of  the 
needful  machinery ;  but  such  a  gun  as  he 
proposes  could  be  built  in  three  months 
from  receiving  the  order  to  begin.  He 
is  aware  that  in  practically  working  out 
a  theory  unforseseen  difficulties  may 
arise,  and  therefore  he  would  not  sug- 
gest the  immediate  commencement  of  a 
150-ton  gun,  but  rather  that  the  system 
should  be  tried  first,  say  in  a  9-inch  gun, 
and  gradually  extended. 

The  Author  has  no  longer  any  other 
than  a  scientific  interest  in  the  question ; 
but  this  would  lead  him  to  deprecate  any 
experiment  on  this  system  not  based 
upon  the  correct  formula  for  the  distri- 
bution of  strains. 


THE  IRON  AND  STEEL  INSTITUTE. 

Abstract  of  the  Address  of  the  President,  Mr.  EDWARD  WILLIAMS. 
From  "Engineering." 


It  is  practically  ten  years  since,  in  his 
inaugaral  address,  His  Grace  the  Duke 
of  Devonshire,  to  whom  our  Institute  is 
under  great  and  lasting  obligation,  laid 
before  us  not  only  the  past  history  of  the 
manufacture  of  iron  and  steel,  but  also 
its  condition  and  amount  at  the  time. 

Since  then  few  great  industries  have 
so  increased  and  altered  in  character, 
and  it  is  scarcely  too  much  to  say  that 
an  expert  in  1869,  who  had  abstained 
from  following  the  course  of  things, 
would  to-day  find  himself  ignorant  of  at 
least  one  very  important  branch  of  the 
manufacture. 


It  will  be  understood  that  in  treating 
of  steel  I  am  not  at  all  referring  to  the  old 
material  that  is  so  well  produced  at  Shef- 
field by  the  crucible  processes.  With 
this  our  Institute  has  not  so  far  dealt 
much;  and  I  am  afraid  that  our  good 
friends  of  the  crucible  trade  look  upon 
us  as  unwelcome  intruders,  bringing 
cheap  steel  that  sooner  or  later  may  in 
some  degree  clash  with  their  specialty. 

It  is  to  steel  in  bulk  for  railway  re- 
quirements and  other  constructive  works, 
for  ships,  &c,  that  my  remarks  are  in- 
tended to  apply. 

For  the  production  of  such  steel  the 
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world  is  indebted  mainly  to  Mr.  Besse- 
mer, and  in  no  small  degree  to  our  dis- 
tinguished ex-president,  Dr.  Siemens,  to 
both  of  whom  Mr.  Mushet's  ingenious  and 
most  opportune  invention  is  essential. 

For  both  wrought-iron  and  steel  the 
starting-point  must  be  pig-iron,  which  so 
far  has  not  been  produced  at  moderate 
cost  except  by  means  of  the  blast  fur- 
nace. 

During  the  ten  years  I  am  speaking 
of  there  was  not  much  alteration  or  im- 
provement in  this  branch  of  the  manu- 
facture. The  tall  blast  furnaces  first  in- 
troduced by  Mr.  John  Vaughan,  as  well 
as  our  most  efficient  heating  stoves,  were 
in  use  at  the  commencement  of  the  term, 
and  though  the  number  and  size  of  them 
increased  greatly,  there  was  not,  I  think, 
much  improvement  in  principle  or  ad- 
vancement in  efficiency. 

It  is  perhaps  not  wrong  to  hold  that 
our  best  blast  furnace  plant  and  appli- 
ances are  unlikely  to  be  much  improved. 
A  greater  volume  of  blast  and  more  se- 
curity for  regular  charging  and  working 
would  probably  be  in  most  cases  bene- 
ficial ;  but  in  the  important  item  of  fuel 
consumption,  it  is  doubtful  whether  any 
large  economy  will  be  found  practicable. 

The  other  raw  materials  are  already 
utilized  to  the  fullest  extent,  and  in  the 
item  of  labor  there  seems  no  great  mar- 
gin for  economy. 

The  waste  gases  of  the  furnace,  which 
at  present  heat  the  blast  and  raise  the 
necessary  steam,  are,  no  doubt,  capable 
of  doing  more  duty  as  fuel ;  but  in  works 
consisting  of  blast  furnaces  only,  it  is 
not  easy  to  see  how  this  can  be  availed 
of.  Where,  in  addition  to  blast  furnaces, 
there  are  wrought  iron  and  steel  works 
close  at  hand — a  combination  likely  to 
become  prevalent — the  more  complete 
utilization  of  the  gases  will  no  doubt  be 
taken  advantage  of. 

In  Cleveland,  where  there  is  a  great 
deposit  of  salt,  it  is  reasonable  to  expect 
that  some  day  brine  will  be  evaporated 
on  a  large  scale  by  means  of  the  waste 
heat,  an  enormous  quantity  of  which  is 
now  being  thrown  away  into  the  air  from 
boilers,  hot-blast  stoves,  and  the  several 
kinds  of  furnaces. 

"We  many  of  us  remember  how  we 
were  startled  when,  in  1856,  at  the  Chel- 
tenham meeting  of  the  British  Associa- 
tion, Mr.  Bessemer  published  his  inven- 


tion in  detail.  There  was,  among  the 
prominent  ironmasters  of  the  time,  pretty 
general  doubt  as  to  some  of  the  prin- 
ciples he  promulgated. 

In  less  than  a  week  from  the  reading 
of  the  paper,  trial  was  made  at  Dowlais 
of  the  system  of  blowing  air  through  pig 
iron,  with  complete  success.  What  in 
outward  form  was  pig  iron,  and  only  dif- 
fered from  it  by  having  been  blown 
through  for  a  few  minutes  in  the  most 
haphazard  way,  was  heated  in  a  mill  fur- 
nace of  the  common  sort,  and  rolled  into 
bars,  to  the  great  astonishment  of  all 
concerned.  In  fact,  an  experiment  un- 
dertaken to  show  that  Mr.  Bessemer  had 
fallen  into  mistake  proved  the  exact  con- 
trary. 

Shortly  afterwards  the  system  was  set 
to  work  on  a  larger  scale,  but  only  very 
rarely  was  the  success  of  the  first  experi- 
ment equaled,  and  generally  there  was 
so  much  irregularity  and  failure,  that, 
notwithstanding  the  expenditure  of  a 
considerable  sum  of  j  money,  the  opera- 
tions were  abandoned  as  unsuccessful. 

When  Mr.  Bessemer  left  Dowlais, 
where  he  had  been  for  some  time,  those 
who  had  worked  with  him  believed  that 
even  he  feared  that  the  ingenious  pro- 
cess he  had  advocated  was  not  likely  to 
prosper.  But  if  so,  his  faith  soon  re 
turned ;  the  clumsy  converters  first  de- 
signed gave  way  to  the  beautiful  tipping 
vessels;  his  works  at  Shefiield  were 
started,  and  we  owe  it  to  his  indomitable 
courage  and  perseverance  that  the  world 
did  not  miss  a  great  advantage. 

In  1860  Mr.  Ram^bottom  was  pre- 
vailed upon  to  try  steel  rails  on  the  Lon- 
don and  North- Western  Railway,  with  a 
result  so  satisfactory  that  it  needed  no 
great  sagacity  to  sec  that  not  even  con- 
siderations of  cost  could  long  stand  in 
the  way  of  their  extensive  adoption. 

In  1869,  when  His  Grace  addressed 
us,  Mr.  Bessemer  had  succeeded  com- 
pletely. Those  who  studied  the  matter 
perceived  that  for  rails,  at  least,  his  pro- 
cess must  entirely  supersede  the  old  iron- 
making. 

It  has  long  been  beyond  dispute  that 
no  skill  and  care  can  so  weld  together 
the  many  pieces  of  iron  constituting  a 
rail-pile  as  to  make  it  equal,  or  anything 
like  equal,  to  the  solid  ingot  for  rails  to 
withstand  the  tremendous  strain  of  heavy 
railway  traffic.     It  is  strange,   however, 
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that,  notwithstanding  this,  the  inflation 
that,  to  our  subsequent  Borrow,  came 
upon  the  iron  trade  after  1869  actually 
brought  about  a  considerably  incr< 

make  of  built-up  rails. 

S  late  as  187")  our  then  President, 
Mr.  Menelaus,  who  was.  as  he  continues 

to  be,  in  the  forefront  of  the  steel  in  Jus- 
try,  gave  in  his  address  the  chief  place 
to  puddling;  and  ironmac  generally 

looked  anxiously  for  machinery  to  super- 
sede hand  labor.  Now  the  ease  is  very 
different.  Puddling  has  been  improved 
but  little.     The  revolving  furnace,  upon 

which  several  years  of  skill  and  labor  had 
been  unsuccessfully  expended  in  tliis 
country,  was  reported  to  have  succeeded 
in  America,  and  was  from  thence  brought 
here  in  its  most  approved  form. 

It  must,  however,  be  admitted  that, 
notwithstanding  very  full  trial,  our  hopes 
have  been  disappointed,  and  only  very 
moderate  advantage  has  accrued  from 
the  several  machines  introduced  to  lighten 
the  work  of  the  puddler. 

For  rail-making  the  puddling  forge  has 
disappeared,  and  it  is  highly  improbable 
that  it  will  return.  The  place  of  it  has 
been  taken  almost  entirely  by  the  Bess- 
emer pit,  which,  in  principle,  general 
arrangement,  and  almost  minute  details. 
remains  as  it  came  from  the  hands  of  the 
inventor,  and  seems  scarcely  to  admit  of 
much  improvement.  Even  the  ingot 
mould,  objectionable  because  of  its  in- 
convenient taper,  has.  so  far.  defeated 
all  efforts  to  amend  it.  and  continues  in 
almost  exclusive  use. 

Sir  Joseph  TThitworth,  whose  great 
skill  and  eminent  services  to  engineering 
are  notorious,  has  for  a  long'time  had  in 
operation  a  system  devised  by  himself  of 
compressing  fluid  steel  by  enormous  hy- 
draulic power,  and  the  advantage  is  said 
to  be  very  great ;  but  so  far,  I  believe, 
the  compressed  steel  has  been  but  little 
used,  except  for  armor  to  protect  ships 
of  war.  and  for  the  manufacture  of  guns. 

In  1869  the  make  of  Bessemer  ingots 
in  this  kingdom  was  barely  200.000  tons; 
last  year  it  was  over  800,000  tons,  the 
American  make  being  nearly  as  much ; 
and  on  the  Continent  of  Europe  it  is 
very  large  and  growing.  The  total  make 
probably  exceeded  two  millions  of  tons, 
with  the  prospect  of  enormous  increase. 

The  open-hearth  system,  initiated,  in 
this  countrv  at  least,  and  so  ablv  devel- 
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oped,  by  our  late  President,  Dw  Siemens, 

whose  regenerative  furnace  is  of  the  ut- 
most value,  lias  also  extended  consider- 
ably. The  make  of  ingots  in  1878  was 
178,000  tons  in  this  country,  with  about 
as  much  abroad;  in  all,  350,000  tons. 

For   the   very    high    ok  f   steel, 

where  absolute  soundness  and  -Teat  duc- 
tility are  the  first  considerations,  the 
open-hearth  system  is  no  doubt  very 
efficient.  The  time  necessary  for  the 
process  allows  of  frequent  testing,  and 
there  can  be  given  to  the  metal  exactly 
the  composition  desired. 

The  Siemens-Martin  process  is  much 
availed  of  for  converting  old  iron  rails 
into  steel,  or,  more  correctly  speaking, 
into  ingot  rails. 

It  would  be  well  if  we  could  agree 
upon  a  fuller  and  more  accurate  nomen- 
clature of  iron.  At  present  we  call  steel 
everything  made  from  cast  ingots,  though 
in  composition  and  character,  the  metal 
varies  from  the  hardest  cast  steel  to  the 
softest  boiler  plate,  which  has  qualities 
almost  like  copper,  and  should  therefore, 
I  venture  to  think,  be  more  accurately 
designated. 

At  the  meeting  of  our  Institute  at 
Middlesbrough,  nearly  ten  years  since, 
this  question  was  discussed,  and  the 
International  Committee,  appointed  in 
America  two  or  three  years  ago,  suggested 
a  new  system  of  classification ;  but  so 
far  the  recommendations  have  not,  I  be- 
lieve, been  acted  upon. 

It  is  inevitable  that  new  rails  made 
from  old  iron  ones  should  be  high  in 
phosphorus,  but  to  compensate  for  this 
they  have  liittle  carbon  and  silicon,  and 
in  actual  work  they  are  said  to  stand 
well.  On  the  table  is  a  piece  of  the  first 
Bessemer  rail  ever  rolled.  It  was  made 
at  Dowlais,  in  1858,  from  an  ingot  sup- 
plied by  Mr.  Bessemer,  which,  by  the 
way,  was  parallel.  A  full  analysis  by 
Mr.  Stead,  of  Middlesbrough,  is  attached 
to  the  sample,  which  has,  as  will  be  seen, 
0.446  of  phosphorus,  a  quantity  that 
would  frighten  us  in  these  days ;  but 
carbon  and  silicon  are  almost  absent. 

The  ingots,  of  which  that  just  men- 
tioned was  one,  were  rough  and  of  most 
unpromising  appearance  generally,  but 
they  rolled  perfectly.  A  second  lot  of 
ingots,  received  shortly  afterwards, 
though  similar  in  appearance,  rolled  very 
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badly,  only  three  or  four  of  them  holding 
together,  so  as  to  make  rails  of  any  sort. 

The  reason  of  the  difference,  I  am  in- 
formed, was  that  the  first  came  from  a 
vessel  lined  with  Stourbridge  brick,  and 
the  second  from  the  same  vessel  with  an 
improved  lining  of  gannister,  which 
though  much  more  enduring,  no  doubt 
had  the  effect  of  preventing  any  elimina- 
tion of  phosphorus. 

It  is  unfortunate  that  no  analysis  of 
the  second  lot  of  steel  exists.  Twenty 
years  ago  we  saw  but  dimly  the  import- 
ance of  undertaking  the  chemical  con- 
stitution of  the  materials  we  had -to  deal 
with. 

For  railway  tyres  steel  has  superseded 
iron  almost  as  completely  as  for  rails, 
and  there  is  a  movement  in  favor  of  steel 
ships  which  in  all  probability  will  extend ; 
and  when,  as  I  suppose  will  be  the  case 
some  day,  the  change  is  encouraged 
rather  than  retarded  by  the  Board  of 
Trade  and  other  controlling  bodies,  iron 
plates  will  probably  be  to  a  great  extent, 
if  not  altogether,  supplanted. 

For  boilers,  steel — Bessemer  and  Sie- 
mens-Martin— is  in  extensive  use.  Mr. 
Adamson,  whose  very  able  paper  at  the 
Paris  meeting  will  not  soon  be  forgotten, 
and  who,  I  am  glad  to  say,  is  about  to 
add  to  it  for  our  advantage,  was  one  of 
the  first,  if  not  the  first,  to  introduce 
steel  boilers  on  a  large  scale,  and  we 
have  it  upon  his  high  authority  that  the 
result  is  most  satisfactory. 

In  the  case  of  boilers  no  one  can  wish 
for  anything  but  the  greatest  strictness 
to  insure  high  quality,  and  therefore 
safety  from  accident;  but  it  is  difficult 
to  see  the  advantage  of  insisting,  as  is 
the  case  at  present,  upon  a  like  high  and 
costly  quality  for  the  hulls  of  ships. 

The  iron  supplied  for  this  purpose  is 
certainly  not  of  boiler-plate  quality,  and 
I  believe  it  is  admittedly  good  enough. 

Steel  of  fair  quality  is  stronger  than 
iron  even  after  allowing  for  the  reduced 
thickness  permitted,  and  it  is  more  relia- 
ble otherwise.  There  seems  then  no 
good  reason  why  anything  more  should 
be  demanded. 

It  is  needless  to  say  that  every  obstruc- 
tion placed  in  the  way  of  the  manufacture 
and  all  superfluous  cost  incurrred  are 
simply  taxes  upon  the  public. 

Quite  as  unnecessary  as  the  difficulties 
put  in  the  way  of  steel  for  merchant  ships 


is  the  objection  to  the  taking  of  fluid 
cast  iron  direct  from  the  blast  furnace 
to  the  Bessemer  converter.  An  opinion 
obtains  in  some  quarters  that  the  direct 
process  is  less  under  control,  and  the  re- 
sulting steel  may  therefore  be  less  uni- 
form, than  by  the  old  mode  of  mixing 
several  brands  of  iron  and  remelting  in 
the  cupola.  Closer  inquiry  will  show 
that  this  opinion  is  erroneous,  and  that 
remelting  is  less  reliable  than  working 
direct. 

In  the  laage  way  the  only  guide  the 
practical  man  has  is  eye- judgment.  Sam- 
ples can  be,  and  in  all  properly  managed 
establishments  are,  frequently  analyzed ; 
but  I  need  not  say  that  it  is  impossible 
to  examine  chemically  more  than  an  in- 
finitesimal proportion  of  the  pig  iron 
used,  the  bulk  of  which  can  have  nothing 
in  the  way  of  examination  beyond  the 
careful  inspection  by  sight  of  an  ex- 
perienced pig-sorter.  In  old  times,  when 
nothing  more  than  this  inspection  was 
obtainable,  it  was  a  good  additional  safe- 
guard to  mix  together  half  a  dozen  reput- 
able brands  of  pig  iron,  that  were  very 
unlikely  to  be  all  wrong  in  the  same 
chemical  direction,  and  probably  differed, 
when  they  differed  at  all,  in  ways  that 
corrected  each  other ;  but  the  accurate 
knowledge  of  skilled  furnace  managers, 
advised  by  chemists  whose  everyday  busi- 
ness it  is  to  specify  the  proper  mixtures 
for  the  blast  furnace  and  keep  out  unsuita- 
ble materials,  is  far  more  certain.  Given 
the  proper  ingredients,  the  blast  furnace 
cannot  make  bad  iron  unless  its  mechan- 
ical working  be  disturbed  by  neglect  or 
accident,  which  those  accustomed  to  fur- 
naces would  find  out  quickly.  Indeed, 
before  the  evil  can  have  gone  far  the 
blast  furnace  itself  and  the  converter  may 
be  depended  upon  to  make  prompt  pro- 
test and  compel  the  necessary  attention. 

My  conviction  is  that,  setting  aside  all 
question  of  cost,  and  considering  only 
uniformity  of  quality,  there  is  danger  in 
remelting,  and  security  without  any  dis- 
advantage otherwise  in  the  direct  pro- 
cess. 

It  is  not  my  intention  to  treat  of  the 
chemical  and  strictly  scientific  aspects  of 
steel  making,  which  are  in  the  depart- 
ment of  our  well-proved  guide,  Dr.  Percy, 
and  his  colleagues,  and  which  our  late 
President,  Dr.  Siemens,  recently  dealt 
with  very  ably.     Nor  will  I  venture  to 
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consider  the  relative  merits  of  iron  and 
steel  from  the  standpoint  of  the  engineer. 
This  is  the  proper  province  of  the  em- 
inent men  constituting  the  Institution  of 
Civil  Engineers  in  whose  house  we  are. 

Those  who,  like  myself,  profess  only 
to  be  what,  for  want  of  a  better  name,  we 
call  practical  ironmakers,  are  already 
greatly  beholden  to  the  theorists,  to 
whom  we  innst  continue  to  go  for  accu- 
rate information,  and  whose  directions  j 
we  must  carry  out  as  best  we  can.  In 
due  time  there  will  no  doubt  arise  a  race 
of  composite  men,  who,  having  both 
theoretical  and  practical  knowledge,  will 
be  abler  and  more  efficient  than  we — the 
one-sided  men  of  the  present. 

In  the  papers  to  be  read  at  this  meet- 
ing, and  the  discussions  to  follow,  we 
shall,  I  doubt  not,  have  much  that  is 
new  and  interesting  in  both  departments 
of  our  great  manufacture. 

I  cannot  forbear  to  mention  specially 
the  important  improvement  patented  and 
already  brought  to  some  practical  success 
by  Messrs.  Tnomas  and  Gilchrist  for  the 
dephosphorization  of  ordinary  pig  iron, 
thereby  fitting  it  for  use  in  the  manu- 
facture of  steel. 

The  essence  of  the  improvement  is  the 
substitution   of    a   basic    lining  for  the 
ordinary  gannister  lining  of  the  Besse 
mer  converter. 

The  idea  is  not  now  brought  forward 
for  the  first  time.  On  the  contrary,  the 
principle  has  long  been  known  and 
availed  of  in  the  old  process  of  puddling. 

In  1872  Mr.  Snelus  patented  the  use 
of  basic  linings  for  furnaces  and  Besse- 
mer converters,  and  I  have  no  doubt  it  is 
in  the  recollection  of  many  of  you  that 
more  than  one  eminent  metallurgist  at 
home  and  abroad  also  recommended  the 
change. 

Those  who  tried  it,  however,  one  and 
all.  encountered  difficulties  of  a  practical 
kind  which  stopped  them.  These  diffi- 
culties, it  is  believed,  have  now  been 
overcome. 

With  priority  of  invention  and  the 
rights  of  patentees  our  Institute  does 
not  interfere,  and  it  is,  I  hope,  needless 
for  me  to  say  that  I  do  not  desire  to  con- 
vey any  opinion  respecting  them,  our 
concern  as  an  Institute  being  to  investi- 
gate the  merits  of  matters  affecting  iron 
and  steel-making  as  a  whole,  and  not  at 
all  to  meddle  with  private  rights. 


Early  last  year  at  the  works  of  the 
Blaenavon  Iron  Company,  Monmouth- 
shire, experiments  were  made  by  Messrs. 
Thomas  and  Gilchrist,  with  the  aid  of 
Mr.  Martin,  the  linings  being  silicate  of 
soda  and  limestone,  which,  however, 
proved  unsuccessful  because  unendur- 
ing. 

A  larger  trial  at  Dowlais  shortly  after- 
wards had  the  same  result,  though  in  all 
cases  the  phosphorus  was  eliminated,  the 
difficulty  being  to  maintain  the  lining, 
which  was  rammed  into  its  place  in  the 
ordinary  way.  To  meet  this  difficulty 
bricks  of  ground  magnesian  limestone 
burnt  to  great  hardness  were  made  at 
Blaenavon,  and  proved  by  actual  experi- 
ment to  be  efficient ;  but  unexpecteel  cir- 
cumstances connected  with  the  company's 
affairs  stopped  the  procedings. 

Messrs.  Bolckow,  Vaughan  and  Com- 
pany, of  Middlesbrough,  with  their 
usual  enterprise,  undertook  further  ex- 
periments in  a  large  way,  and  seem  to 
have  succeeded. 

Knowing  as  you  all  do  that  only  a  small 
percentage  of  the  pig  iron  in  the  world 
is  suitable  for  making  steel  by  means  of 
either  the  Bessemer  or  the  Siemens-Mar- 
tin process,  I  will  not  weary  you  by  en- 
larging upon  the  enormous  advantage  of 
an  improvement  that  promises  to  make 
available  almost  all  kinds  of  pig  iron.  In 
the  paper  about  to  be  read  by  Messrs. 
Thomas  and  Gilchrist  we  shall  no  doubt 
have  much  information  for  which  iron 
and  steel  makers  generally  are  unusually 
anxious,  and  I  venture  to  hope  that  Mr. 
Richards  will  favor  us  with  the  facts  as  a 
question  of  practical  working. 

At  some  recent  experiments  to  which 
Messrs.  Bolckow,  Vaughan  &  Co.,  were 
good  enough  to  invite  the  leading  mem- 
bers of  the  local  iron  trade,  the  blowing 
was  in  every  way  successful,  and  the 
quality  of  steel  produced  excellent.  The 
samples  examined,  several  of  which  were 
made  in  our  presence,  varied  in  temper 
from  the  mildest  and  softest  to  the 
ordinary  hardness  for  rails,  any  particu- 
lar sort  being  produced  at  will.  Samples 
to  test  were  very  easily  taken,  and  it 
seemed  that  the  exact  temper  of  metal 
desired  could  be  produced  with  cer- 
tainty. 

The  converter  lined  with  radial  bricks 
of  magnesian  limestone  is  said  to  stand 
well,  and  the  necessary  addition  of  cold 
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basic  material  to  the  charge  and  during 
the  blow,  though  of  course  it  lowered 
the  temperature  at  first,  did  not  make  a 
difficulty. 

As  yet  there  cannot  have  been  any 
accurate  ascertainment  of  waste,  cost  of 
lining,  &c,  but  these  are  unlikely  to  be 
seriously  against  the  new  method. 

One  of  the  large  vessels  at  Eston 
lined  with  basic  bricks  has  been  set  to 
work,  and  it  is  believed  that  before  long 
the  cheap  pig  iron  of  Cleveland,  without 
admixture  other  than  that  of  spiegel, 
which  is  common  to  all,  will  be  extens- 
ively used  for  making  steel. 

The  North-Eastern  Railway  Company 
has  already  ordered  a  considerable  quanti- 
ty of  rails  made  from  Cleveland  steel,  which 
will  be  manufactured  under  the  supervis- 
ion of  their  eminent  engineer,  Mr.  Harri- 
son, whose  report  will  be  as  eagerly 
looked  for  as  it  will  be  relied  on  im- 
plicitly. 

If  what  is  expected  be  in  the  main 
realized,  great  changes  are  likely.  The 
manufacture  of  steel  rails,  which  at  pres- 
ent is  much  spread  over  the  land,  will,  in 
all  probability,  grow  in  the  localities 
where  the  necessary  raw  materials — iron 
ore  mainly — are  abundant  and  cheap, 
with  the  sea  not  far  away. 

Our  former  President,  Mr.  Bell,  whose 
name  will  always  be  associated  with 
blast  furnaces,  the  theory  and  practice  of 
which  he  has  so  thoroughly  mastered 
and  so  lucidly  explained,  in  communica- 
tions not  only  to  our  Institute,  but  also 
to  other  scientific  bodies,  has  for  a  long 
time  been  working  to  adapt  Cleveland 
iron  for  steel-making,  with,  it  is  believed, 
considerable  success,  and  I  have  no 
doubt  it  will  be  very  agreeable  to  you  if 
he  can,  during  the  coming  discussions, 
describe  his  system  and  the  results  he 
has  achieved. 

By  the  changes  of  the  last  few  years 
the  relative  circumstances  of  the  several 
iron  and  steel  producing  districts  of  this 
country  and  of  Great  Britain  in  relation 
to  other  countries  have  been  materially 
altered. 

Before  Mr.  Bessemer's  invention  al- 
most everything  depended  upon  the 
cheapness  of  fuel  and  labor,  the  differing 
costs  of  ironstone,  though  important, 
being  less  vital.  To  make  one  ton  of 
finished  iron,  taking  rails  and  other 
kinds  together,  required  on  the  average 


about  six  tons  of  coal,  and  the  manual 
labor  of  many  skilled  men. 

For  steel  much  of  this  is  unnecessary; 
the  consumption  of  coal  per  ton  of  fin- 
ished steel  is  already  less  than  three 
tons,  and  likely  to  diminish. 

When  it  is  borne  in  mind  that  under 
the  old  system  about  one-third  of  all  the 
coal  raised  in  the  realm  was  used  at  iron 
and  steel  works,  and  that  the  present 
total  get  is  close  upon  140,000,000  tons 
per  annum,  it  will  be  seen  how  large  a 
national  gain  this  economy  of  fuel  is. 

In  the  item  of  labor  the  improvement 
is  still  more  striking ;  more  than  half 
the  money  cost  of  it  is  saved  already, 
while  the  very  hard  work  is  in  a  great 
measure  dispensed  with,  as  is  also  the 
need  of  long  special  training,  without 
winch,  the  old  iron-making  processes 
could  not  be  carried  on.  If  cheap  and 
good  steel  had  to  recommend  it  nothing 
more  than  the  already  great  diminution, 
and,  as  I  believe,  the  coming  abolition  of 
puddling,  it  would  deserve  our  gratitude. 
Those  of  us  who  have  spent  our  lives  in 
iron  works  know  how  hard  and  incessant 
the  work  of  a  puddler  is,  even  with  the 
best  mechanical  aids.  We  know  also 
that,  as  the  facilities  for  obtaining  other 
employment  became  more  numerous,  the 
best  men,  who  were  not  so  wedded  to 
the  work  that  they  could  not  leave  it, 
drifted  away  into  less  arduous  occupa- 
tions, taking  their  sons  with  them,  and 
how,  in  consequence,  a  metallurgical  op- 
eration, upon  the  proper  performances  of 
which  absolutely  depends  the  quality  of 
the  resulting  finished  iron,  got  more  and 
more  into  the  hands  of  an  inferior  and 
less  manageable  class  of  workmen,  with 
the  result  that  could  not  fail  to  follow 
such  a  change. 

The  discovery  of  puddling  is  one  of 
the  bright  events  of  modern  times.  But 
for  it  there  would  not  have  been  a  very 
large  output  of  wrought  iron,  without 
which  we  should  not  have  had  many  of 
the  improvements  of  late  years  that  have 
tended  so  greatly  to  the  advance  of  civ- 
ilization. But  great  as  our  obligation  to 
puddling  is,  we  part  with  it  without 
regret,  seeing  that  easier  and  more  effic- 
ient means  of  achieving  not  only  the 
same  result,  but  a  much  better,  have 
been  devised. 

In  the  time  of  transition  from  the  old 
to  the  new  and  better  system  there  must 
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be  inconvenience  and  hurt  to  individual 

districts  and  special  classes  of  men.  bul 
the  national  advantage  cannot  fail  to  be 

very  considerable. 

1  need  not  say  that  there  is  yet  a  large 
amount  of  hand  puddling  which  probably 

will  continue  for  a  long  time.  It  will,  I 
believe,  steadily  abate  in  amount,  and  I 
cannot  doubt,  though  I  say  it  with  re- 
luctance, knowing  that  the  opinion  is  a 
little  unpalatable  to  some  excellent  mem- 
bers of  our  Institute,  that  the  day  is  at 
hand  when,  either  by  the  Bessemer  con- 
verter, or  by  the  open-hearth,  or  by  some 
other  steel-making  aparatus.  there  will 
be  produced,  with  absolute  certainty, 
with  comparatively  light  labor,  and  I 
hope  with  fair  profit  to  all  concerned, 
every  kind,  variation,  and  quality  of 
the  metal  iron  which  we  now  rudely  des- 
ignate steel  and  wrought  iron. 

It  is  interesting  to  remember  how  the 
old  puddling  furnace  at  its  establishment 
resembled  the  Bessemer  converter,  and 
how  it  was  improved  in  a  way  closely 
analogous  to  the  change  now  in  course 
of  being  worked  out  by  Messrs.  Bolc- 
kow.  Vaughan,  and  Co.,  upont  he  system 
of  Messrs.  Thomas  and  Gilchrist. 

As  is  well  known,  Cort's  furnace  had  a 
sand  bottom,  and  the  quality  of  the  iron 
from  it  was  never  certain — inferior  always 
to  the  iron  of  the  old  process,  viz.,  that 
of  working  in  a  bath  of  fluid  oxide,  which, 
though  very  wasteful,  produced  iron  of 
excellent  quality,  and  therefore  lived  on 
in  great  part  despite  the  new  invention 
and  its  economies. 

For  the  Cort  process  excellent  pig  iron 
was  made  in  cold  blast  furnaces  from  the 
best  ores  of  the  kingdom.  The  pig  was 
refined  in  the  old-fashioned  refinery  fires 
at  great  cost,  and  afterwards  puddled  on 
the  sand  bottom.  The  resulting  wrought 
iron  rolled  badly,  owing  probably  to  the 
non-elimination  of  phosphorus,  and  could 
only  be  made  into  merchant  bars  of  fair 
quality  by  repeated  working  in  the  mills, 
that  involved  heavy  cost. 

A  man  of  great  ability,  long  since 
passed  away — Samuel  Baldwyn  Rogers — 
proposed  a  cast  iron  bottom  for  the  pud- 
dling furnace  instead  of  sand ;  and  the 
suggestion  brought  not  only  the  usual 
unbelief,  but  ridicule  as  well.  That  cast 
iron  could  be  melted  upon  a  cast  iron 
bottom,  and  the  bottom  itself  remain 
sound,  was  held  to  be  unreasonable  ;  and 


the  suggestion  <>!'  Mr,   Rogers  was  treal 

ed  as  one  of  the  erratic  notions  of  u  man 
who,  though  known  to  have  ability,  was 
Certainly  very  eccentric. 

After  a  time  the  first  puddling  furnace 
with  an  iron  bottom  was  erected  at 
Merthyr  Tydvil,  more  than  half  a  century 
ago.  and  so  succeeded  that  it  was  adopt- 
ed promptly.  It  was  soon  ascertained 
that  puddled  bars,  instead  of  being,  as 
formerly,  unworkable  stuff  that  would 
hardly  hold  together,  rolled  quite  easily, 
and  that  a  great  deal  of  the  costly  mill- 
working  might  be  dispensed  with. 

Gradually  cheaper  iron  ores  came  into 
use,  and  there  was  less  refining.  Before 
many  years  in  most  districts  of  the  coun- 
try refineries  were  dispensed  with,  and 
pig  iron  puddled  direct.  The  enormous 
heaps  of  discarded  refinery  and  forged 
cinders,  very  good  for  many  purposes  as 
well  as  rich  in  iron,  were  worked  up ; 
and  generally  out  of  the  invention  of  old 
Bogers  came  the  greatest  advantage  to 
the  manufacture  of  iron  between  the  day 
of  Cort  and  Bessemer. 

For  all  this  Rogers  got  little  or  no  re- 
ward, except  local  celebrity  of  small 
worth,  and  a  nickname ;  and,  twenty 
years  or  so  ago,  he  was  by  the  timely  in- 
tervention of  a  few  friends  rescued  from 
the  indignity  of  a  parish  funeral.  Pitd- 
dling  in  the  Rogers  furnace  is  puddling 
upon  oxide  of  iron,  and  the  change  now 
being  brought  about  in  the  Bessemer  con- 
verter is  in  principle  the  same,  namely, 
the  substitution  of  a  basic  lining  for  a 
silicious  one.  Much  the  same  took  place 
in  the  case  of  the  revolving  puddling  fur- 
nace. For  several  years  the  great  prac- 
tical difficulty  was  the  lining.  After  try- 
ing almost  everything  likely  to  suit,  it 
was  found  that  sand  only  would  endure 
for  even  a  moderate  time  the  action  and 
wear  of  the  operation,  and  from  the  sand- 
lined  vessel  the  puddled  iron  wras  wretch- 
edly bad.  Mr.  Danks  hit  upon  a  mode 
of  lining  with  iron  ore,  which  he  pre- 
served from  destruction  by  charging  ox- 
ide of  iron  with  the  heat ;  subsequently 
there  was  a  further  improvement  in  the 
same  direction  by  the  use  of  fluid  tap- 
fettling  run  into  a  water-cased  vessel, 
upon  which  it  formed  a  lining.  In  both 
cases  the  improvement  to  the  puddled 
iron  was  very  great,  owing  to  the  removal 
of  phosphorus  ;  and  but  for  the  question 
of  cost,  and  perhaps  more  than  even  that 
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the  advent  of  ingot  iron,  the  revolving 
puddling  vessel  would  have  done  good 
service. 

It  is  not  to  the  credit  of  practical  iron- 
makers  that  they  so  long  failed  to  see, 
and  indeed  did  not  see  until  an  amateur 
pressed  it  upon  them,  that  the  non-elim- 
ination of  phosphorus  by  the  Bessemer 
and  Siemens-Martin  processes  was  for 
the  same  reason  that  Cort's  furnace  and 
the  early  revolving  furnaces  did  not  re- 
move it,  namely,  the  sand  linings  and 
bottoms. 

It  is  often  said — sometimes  upon  seem- 
ingly good  authority — that  in  the  manu- 
facture of  iron  and  steel  this  .country  is 
losing  ground,  and  that  there  is  danger 
of  our  being  excelled  by  our  energetic 
brethren  across  the  Atlantic,  as  well  as 
by  our  more  scientifically  educated  neigh- 
bors on  the  continent  of  Europe. 

Without  the  least  desire  to  help  any 
particular  view  of  the  case,  I  have,  by 
visiting  Continental  works,  and  by  study 
of  the  available  descriptions  of  the  Amer- 
ican works,  which  I  hope  to  see  some 
day,  endeavored  to  ascertain  how  far  this 
opinion  is  well  founded.  "While  I  do  not 
doubt  that  to  maintain  our  leading  pos- 
ition, and  to  acquit  ourselves  properly  in 
the  exact  manufacture  that  has  happily 
taken  the  place  of  the  old  finger-and- 
thumb  business,  we  must  by  every  means 
in  our  power  add  to  and  make  general 
our  knowledge  of  the  composition  and 
character  of  the  materials  we  deal  with, 
I  do  not  think  there  is  much  ground  for 
alarm. 

That  England,  which  has  so  far  origin- 
ated and  worked  out  almost  all  the  great 
improvements  in  the  manufacture,  should 
hope  to  monopolize,  or  anything  like 
monopolize,  the  iron  and  steel  trade  of 
the  world,  is  an  unreasonable  expectation, 
as  I  think  it  is  also  that  in  our  own  coun- 
try, or  indeed  in  other  countries  where 
there  is  commercial  freedom,  we  are 
likely  to  be  outstripped. 

Steel-making  has,  as  I  have  pointed 
out,  rendered  unnecessary  much  of  the 
very  hard  labor  for  which  our  iron-mak- 
ing population  is  so  well  fitted,  and  has 
brought  into  requisition  nicety  of  manip- 
ulation, and  an  amount  of  general  edu- 
cation that  unfortunately  is  uncommon  j 
amongst  us,  as  I  am  inclined  to  think  it 
also  is  with  the  great  mass  of  the  people 
of  other  countries. 


But  our  better  classes  of  iron-workers 
have  great  practical  skill,  and,  unless  my 
experience  is  exceptional,  great  aptitude 
to  comprehend  and  adapt  themselves  to 
new  processes. 

In  illustration  of  this  is  the  fact  that 
at  present  chemical  terms  and  the  appre- 
ciation of  minute  percentages,  which 
even  ten  years  ago  were  almost  unknown, 
have  become  common  and  familiar  ;  and 
I  see  no  reason  to  fear  that  our  rank  and 
file  of  the  future  will  be  inferior  to  their 
competitors  abroad. 

In  the  matter  of  machinery  for  making 
and  shaping  iron  and  steel,  as  well  as  the 
mechanical  aids  that  become  more  and 
more  essential,  we  have  not  yet  been  out- 
stripped, and  are  not  likely  to  be. 

After  our  late  experience  in  France, 
where  we  were  so  openly  and  generously 
dealt  with,  we  well  know,  if  we  did  not 
know  before,  that  there  are  splendid 
works  abroad  and,  under  the  protection 
of  import  duties  that  keep  away  our 
competition,  there  are  being  established 
extensive  and  well  arranged  concerns 
for  the  manufacture  of  steel ;  but  while 
we  must  greatly  admire  the  works  of 
Creusot,  Essen,  Terrenoire,  Hayange, 
and  many  others,  I  do  not  consider 
that  in  the  department  of  steel-making 
I  understand,  namely,  that  to  meet  the 
wholesome  purposes  of  peaceful  life,  we 
are  in  even  a  second  place. 

Our  members  of  the  chemical  sort  are, 
no  doubt,  giving  consideration  to  the 
progress  of  their  special  department  at 
works  abroad,  Terrenoire  especially,  the 
direction  and  importance  of  which  were 
so  excellently  shown  in  the  Paris  Exhibi- 
tion last  year. 

In  the  manufacture  of  ingots  there  is 
much  loss  and  needless  cost  by  reason  of 
the  rough  system  of  teeming.  The  only 
guide  the  workman  has  is  a  chalk  mark 
which  can  scarcely  be  worked  to,  and  the 
ever- varying  internal  capacity  of  the 
moulds  makes  anything  like  accuracy  im- 
possible. The  effect  of  this  is  that  ingots 
are  always  cast  too  heavy,  and  crop  ends 
are  made  instead  of  finished  steel.  There 
cannot  be  any  insuperable  difficulty  in 
the  way  of  showing  by  an  indicator  the 
exact  quantity  of  steel  teemed,  and  so 
enabling  a  skilled  workman  to  run  ingots 
of  any  desired  weight.  If  this  can  be 
done,  not  only  will  there  be  considerable 
economy,  but  some  of  the  unemployed 


THE    IRON    AND    STEEL   INSTITUTE. 


71 


iron-making  mills  will  be  available  to  roll 
steel  in  the  old  pull-over  fashion,  which 
has  some  advantages  peculiarly  its  own. 
For  heating,  the  regenerative  gas  fur- 
nace is  a  great  improvement ;  but  it  is 
believed,  and  I  think  Mr.  Bell  holds  the 
opinion,  that  the  waste  gases  from  the 
blast  furnace  are  capable  of  developing 
more  heat  by  their  proper  combustion 
than  is  necessary  for  all  the  steam  getting 
and  heating  after  fluid  pig  iron,  and  that 
except  the  coke  put  in  at  the  tunnel  head 
of  the  blast  furnace  there  should  be  no 
expenditure  of  fuel. 

It  is,  I  suppose,  the  fact  that  the  ingot 
as  it  comes  from  the   pit  has  more  heat 
than   is   necessary   for   the   rolling   pro- 
cesses, the  chilled  outside  being  a  shell 
holding  a   yoke  of  more  or  less  liquid 
steel.     Putting  such  ingots  into  an  or- 
dinary balling  furnace  is  not  therefore  to  j 
heat  them  more,  but  to  equalize  the  heat  I 
of  the  several  parts.    It  would  seem  that 
for  such  equalization  in  a  j^roper  cham- 
ber only  a  very  small  expenditure  of  fuel,  j 
if  any,  is  necessary ;  and  if  I  am  right, 
we  may  in  this  part  of  the  manufacture 
expect  a  further  important  economy  of ! 
coal. 

There  is,  I  think,  great  need  of  im- ' 
proved  rolling  machinery.  We  adhere ! 
too  much  to  old  types  and  systems,  that 
were  suitable  enough  for  short  lengths 
and  light  weights  of  a  soft  material,  but  j 
which  do  not  efficiently  deal  with  hard  j 
ingots  that  are  heavy  and  unhandy. 

Mere   strengthening   of    engines  and 
roll  trains  of  the  antique  sort  will  not,  I 
am  convinced,  do,  even  with  the  addition  , 
of  the  reversing  engine,  which  is  beyond  ! 
question  a  great  advantage   for  rolling  ! 
long  bars,  though  less  suitable  for  short 
things  like  blooms  and  plates.    Either  by  | 
roll  before  roll  or  by  some  entirely  new  j 
-tern   of   shaping  the  steel  there  will  j 
probably  be  before  long  a  change  for  the  j 
better. 

In  the  scientific  training  of  our  over- 
lookers and  higher  agents  and  managers 
there  is  room  for  improvement,  and  it 
seems  to  me  much  to  be  desired  that 
educated  intellectual  young  men,  who 
now  hang  listlessly  about  the  professions 
and  so-called  genteel  occupations,  which 
promise  to  them  at  best  only  respectable 
poverty,  with  the  more  than  doubtful  ad- 
vantage of  leisure,  should  break  through 
the  absurd  old  prejudice  against  seem- 


ingly rough  work,  and  come  over  to  the 
healthy  business  of  iron  and  steel  mak- 
ing, in  which  they  may  render  the  world 
good  service,  and  obtain  substantial  re- 
muneration by  active  employment  of  a 
very  agreeable  sort. 

Of  the  higher   management  of   great 

works  I  scarcely  dare  to  speak ;  but  as  a 

rule,  it  really  is  not  as  it  should  be,  and 

1 1  hope  to  be  forgiven  for  saying  that 

|  there  is  need  of  amendment. 

For  some  unaccountable  reason  it 
;  seems  to  have  become  the  opinion  that 
gentlemen  without  special  training,  often 
engaged  in  other  business  of  an  entirely 
different  sort,  and  coming  only  occasion- 
ally to  the  works  as  directors,  can  ade- 
quately and  efficiently  control  and  man- 
I  age  great  manufactories. 

I  am  convinced  that  tins  is  entirely 
fallacious,  and  that  already  there  has 
been  much  hurt  and  loss  by  the  system 
which  in  great  part  has  obtained  since 
manufacturing  establishments  became  of 
unwieldy  size,  and  passed  from  the  hands 
of  those  who  had  grown  up  with  them 
and  understood  every  detail,  into  those 
of  corporations  and  companies,  unskilled 
in  the  necessary  technical  matters,  with- 
out knowledge  of  the  local  circum- 
stances, and  wanting  also  the  good  per- 
sonal relations  that  existed  between  their 
predecessors  and  the  persons  they  em- 
ployed. 

It  is  not  easy  to  name  a  business  much 
more  complicated  and  fuller  of  detail 
than  the  real  management  of  a  great  iron 
and  steel  works,  which,  to  be  efficient, 
should  have  the  constant  attention  of  a 
competent  staff,  led  and  actually  con- 
trolled by  a  technically-trained  manager, 
skilled  in  the  special  business,  and 
possessing,  if  possible,  the  somewhat 
rare  quality  which  Motley,  the  American 
historian,  well  describes  as  "  a  gift  which 
no  training  and  no  culture  can  bestow,  and 
which  comes  from  above  alone  by  birth- 
right divine — that  which  men  willingly 
call  master — authority."  It  would  be 
invidious,  though  not  difficult,  to  show 
where  this  kind  of  management  has  been 
the  rule  there  is  usually  prosperity,  and 
how  many  good  and  promising  establish- 
ments have  languished  and  are  languish- 
ing for  want  of  it. 

There  is,  I  think,  a  great  future  for 
iron  and  steel,  not  only  in  the  few 
branches    of    the    manufacture    I    have 
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referred  to,  but  in  each  and  all  of  them, 
notably,  I  believe,  in  the  employment  of 
blown  metal  for  castings,  that  with  no 
great  additional  cost  cannot  fail  to  be 
greatly  superior  in  strength  to  any  made 
from  untreated  pig  iron,  however  good ; 
and  it  will  be  strange  if,  in  the  state  of 
general  education  that  is  coming,  men 
like  Cort  and  Rogers,  Neilson  and  Vaug- 
han,  Bessemer  and  Siemens,  Bell  and 
Menelaus,  and  other  able  men  at  home 
and  abroad,  who  have  made  the  art  of 


iron  and  steel-making  what  it  is,  do  not 
arise  in  greater  number  to  lead,  improve, 
and  strengthen  it.  That  the  workmen  of 
our  free  country  will  be  unequal  to  their 
duty,  or  fail  in  it,  I  do  not  believe;  on 
the  contrary,  I  hope  and  expect  that, 
with  better  education  and  the  great  im- 
provements it  must  bring,  they  will  hold 
in  the  future,  as  they  have  held  in  the 
past,  the  foremost  place  for  skill,  endur- 
ance, and  honest  industry. 


AN  APPROXIMATE  METHOD  OF  DRAWING   EXPANSION 

CURVES. 

By  CHAS.  S.  WILCOX. 
Written  for  Van  Nosteand's  Magazine. 


The  following  table  A  has  been  pre- 
pared for  the  purpose  of  giving  an  easy, 
and  very  nearly  exact  method  of  drawing 
several  curves  of  the  general  iorm.pvn  = 
pxv™.  In  making  out  this  table  five 
values  of  n  in  most  common  use  for  the 
expansion  curves  of  air  and  steam  were 
employed,  but  from  the  formulae  given 
below  a  similar  table  can  be  made  out 


for  any  other  values  oi  n.  r  is  the  ratio 
of  expansion  for  which  seven  values  have 
been  taken  for  each  value  of  n.  x  and  y 
are  the  co-ordinates  of  a  point  the  use  of 
which  will  be  explained. 

The  co-ordinates  are  to  be  laid  off  from 
the  center  O,  Fig.  1,  which  in  an  indicator 
diagram  is  at  the  intersection  of  the  vac- 
uum and  clearance  lines  v1  and  px,  are 


Fig.  8, 
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respectively  the  absolute  volume  and 
pressure  of  the  air  or  steam  at  the  point 
of  cut-off.  As  an  example,  let  it  be 
required  to  draw  the  expansion  curve 
p  v  i.i35  —pt  v^  w]2en  the  vertical  cut-off 
is  at  0.4  of  the  length  of  the  stroke  as  in 
Fig.  1.  The  unit  of  length  has  been 
taken  one-sixtieth  of  an  inch,  of  which 
OG    contains   400  and   OH   200.      The 


value  of  x  corresponding  to  n=  1.135 
and  7'=0.4  is  from  the  table  0.086  u,  or  in 
this  case,  0.086  x  160=13.76.  The  value 
of  y  for  the  same  case  is — 0.0416^,  or 
0.0416 X 200=  -8.32.  These  values  of  x 
and  y  are  to  be  laid  off  in  sixtieths  of  an 
inch,  x  from  O  to  L  and  y  from  L  to  Ox. 
From  this  last  point  draw  any  line,  OjA 
intersecting  the  cut-off  and  steam  lines, 
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and  from  the  points  A  and  C  thus  found, 
erect  the  perpendiculars  AB  and  CB. 
Their  intersection  at  B  is  a  point  of  the 
curve,  and  in  the  same  way  any  number 
of  points  may  be  found  and  the  curve 
drawn  through  them. 

The  use  of  the  Mariotte  curve,  or  equi- 
lateral hyperbola,  is  so  common  in  con- 
nection with  expansion  curves,  that  an 
exact  method  of  drawing  it  by  a  similar 
construction  may  not  be  out  of  place 
here,  although  it  is  already  known  to 
some  engineers. 

The  equation  of  this  curve  is  pv=plvl 
where  pi  and  vl  are  respectively  the 
absolute  pressure  and  volume  of  the  gas 
at  some  point  where  they  are  known,  and 
p  and  v  those  at  any  other  point.     From 


the  center  0,  whatever  degree  of  expan- 
sion may  be  employed,  draw  the  line  0A 
as  before,  and  from  the  points  A  and  C, 
where  it  ents  the  steam  and  cut-off  lines, 
let  fall  the  perpendiculars  AB  and  CB. 
Their  intersection  at  B  will  give  a  point 
of  the  curve  exactly.  For  from  the 
similar  triangles  0AD  and  OCE  we  have 
CF  :  0E  :  :  AD  :  OD  and  consequently 

BD  :  OE  :  :  FE  :  0D. 

But  OE  and  FE  represent  respectively 
the  volume  and  pressure  at  the  point  of 
cut-off,  F  ;  and  0D  and  BD  those  at  the 
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Fig.  2. 
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point  B,  hence  p  :  vl::p1:  v  or  pv=p1v1. 
Therefore  the  point  B  was  correctly 
foivnd.  Other  points  may  be  found  in 
the  same  way. 

When  great  accuracy  is  not  required, 
the  values  of  x  and  y  corresponding  to 
several  values  of  r  in  table  A  may  be 
averaged  as  in  table  B. 

The  numbers  in  table  A  were  obtained 
in  the  following  manner :  From  the  equa- 
tion of  the  curve  we  know  the  co-ordi- 
nates of  the  points  D  and  F  and  A  and  C, 
and  by  means  of  analytical  geometry  we 
can  draw  a  line  through  them.  The 
intersection  of  the  lines  will  give  the 
point  O.  The  equations  of  these  lines 
are: 


P 
-~     Substituting   these   values   in   the 

above  equation  and  reducing  we  have 


x= 


^VV^V-^^VtW 


Vl\d-l)(c-l) 


M—Ma 


/<a  —  *'c 


and 


(x—xc) 


(x— xj>). 


'-D  —  -'-'F 

By  combination  and  reduction,  we  have 

,_  Ma  —  Mc, 


(d-l)(c-l)vx* 

(dn  - 1\ 
Substituting  A  fori — =^-  1  (c-l)and  B  for 

(cn  - 1\ 
— - — J  (d-1),  we  have,  after  reduction, 

B 

a     A 


x= 


1- 


B 
A 


//-'a  —  i'c        "v  —  Hf  \  -, 

V  Ka  —-'-'C  <''D  —  «''-'F  I 


2-A 
»A—  »C 

Mb—  Mf 


i) 


In    this    equation   let    us    assume    that 

and  that  AH=HI  +  JI.J=i;1  +  f  (/—«,)  =  », 
(  — - —  )•    Putting  for  (    — —  u  c  and  for 

— —  J,  d  and  denoting  the  co-ordinates 

of  D  by  »'  and  p'  and  those  of  A  by  v 
and  p,  we  see  that  x±  =  v,  j*a  =p,  &c  =»,, 

it 
/'c  =  (-/n  i  *d  =«>,  yD  =/>,,  a*  =  vl9  /iF  = 


Again  writing  the  equations  of  the  two 

lines  under  the  forms  /x-uc=:        ^c(X-xc) 

«a-c« 

and  fj.  -  }ay  =  ■ (x  -  x? ),  we  have,  after 

X&  -  xf 

combination  and  making  the  same  sub- 

?JL    i 
stitutions  as  before,  y=^& — P' 

A"1 

It  will  be  seen  from  the  substitutions 
made,  that  the  points  of  the  curve 
obtained  from  the  use  of  the  table  will 
be  exactly  correct  at  two  places ;  namely, 
those  whose  abscissas  are  Hl-vJ  +  o  and 
§(£-  v)  +  ei.  At  other  points  the  devia- 
tion from  the  time  curve  will  be  generally 
insignificant. 
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THE  ARTISAN  OF  JAPAN  AND  HIS  WORK. 


From  "The  Builder." 


In  Japan,  the  skilled  workman  is  so- 
cially the  superior  of  the  trader,  and  the 
carpenter  is  foremost  and  most*  import- 
ant ;  in  fact,  he  is  called  I)<ii-ku  [great 
workman],  and  is  architect,  builder  and 
joiner ;  although  for  the  minor  branches 
there  arc  special  terms  used,  and  the  sub- 
division of  labor  is  carried  out  to  a  great- 
er extent  than  in  other  trades. 

When  it  is  proposed  to  erect  a  build- 
ing, or  rather  the  series  or  group  of 
buildings  that  constitute  a  residence  or 
a  place  of  business,  the  master  carpenter 
is  called  in,  a  plan  is  discussed,  and  the 
outline  fixed  upon ;  in  the  course  of  a 
few  days,  perhaps,  the  estimates  are  pre- 
pared, at  so  much  per  tsubo  (of  36  super- 
ficial feet),  measuring  from  the  center  of 
the  comer  uprights ;  a  plan  is  drawn  to 
a  large  scale  on  a  board,  ground-plans, 
elevations,  &c,  the  ken  (of  6  feet)  being 
the  unit  of  measurement.  The  ground 
is  then  marked  out,  carefully  measured 
and  leveled  with  a  water-level — this  is  a 
piece  of  4-inch  or  6-inch  square  stuff, 
which  is  planed  level  and  square,  with  a 
groove  in  the  upper  side,  with  also  a 
small  hollow  in  the  center,  and  one  near 
each  end.  The  water  is  poured  into  the 
center,  and  the  "  level "  propped  up  until 
the  hollows  at  both  ends  are  quite  full  of 
water,  and  consequently  level.  Of  course, 
when  the  surroundings  do  not  arbitrarily 
debar  a  choice  of  frontage,  a  southern 
aspect  would  be  preferred,  the  north-east 
being  most  objectionable.  Certain  rooms 
would  be  placed  in  "lucky"  parts,  and 
the  astrologer  and  soothsayer  must  be 
consulted.  The  position  of  the  kitchen, 
the  altar  for  the  household  gods,  and 
other  details,  having  already  been  de- 
cided in  accordance  with  well-known 
fixed  niles  of  procedure,  a  lucky  day 
must  be  chosen  upon  which  to  break 
ground  and  commence  the  foundation. 
Unless  a  large  building  or  a  fire-proof 
storehouse  is  to*  be  erected,  the  founda- 
tion will  give  but  little  trouble ;  however, 
the  "  ground- worker"  must  be  next  called 
in;  this  is  the  class  similar  to  our 
"navvy,"  and  from  which  the  "fire- 
brigade  "  is  chosen.  Should  a  very  solid 
foundation  be  required,  piles  driven,  &c, 


;  a  scaffolding  is  erected,  and  a  large  ram- 
mer, made  of  hard  wood,  is  used,  varying 
in  size  according  to  the  circumstaii< 
with  a  heavy  iron  band  on  the  lower  end, 
|  and  just  above  which  a  number  of  ropes 
I  are  attached,  one  for  each  man.  There 
are  two  slight  poles  attached,  parallel  to 
the  axis  of  the  rammer,  used  by  one  of 
the  men  above  to  guide,  while  the  others, 
who  are  mounted  on  the  scaffold,  lift  it 
by  the  ropes  and  let  it  drop ;  the  fore- 
man remains  below  to  guide  the  head  as 
it  drops,  with  the  aid  of  a  short  jnece  of 
rope.  While  working  at  this  the  men 
chant  a  chorus  of  the  most  peculiarly 
hideous  and  noisy  character,  an  old  cus- 
tom, which,  they  say,  drives  away  the 
evil  demons ;  certainly  it  is  frightful 
enough  in  its  way ;  it  affords  opportuni- 
ties for  jests  and  by  no  means  choice 
language,  for  these  "  workers  of  the  soil" 
are  a  very  rough  lot.  The  foundation  is 
usually  formed  by  scraping  out  a  few 
inches  of  earth  and  ramming  down  some 
rubble,  upon  which  is  laid  a  course  of 
rough-hewn  stone,  the  ordinary  size  be- 
ing about  10  inches  to  11  inches  square, 
and  in  2  feet  to  3  feet  lengths,  basalt, 
granite,  or  sandstone,  as  may  be  neces- 
sary or  advisable ;  the  latter  is  the  cheap- 
est, of  course.  Upon  this  is  usually,  in 
the  better  class  of  construction,  a  course 
of  clean-dressed  stone  of  better  quality, 
upon  which  will  rest  the  frame  of  the 
building,  uprights  to  support  the  floor, 
or  in  the  case  of  large  heavy  roofs,  cen- 
ter posts  are  rested  upon  large  blocks  of 
stone  with  a  step  cut  in  them  to  prevent 
slipping  when  the  house  is  shaken  by  an 
earthquake. 

There  is  little  opportunity  for  the 
stonemason,  or  the  quarryman  that  sup- 
plies him  with  materials,  to  exhibit  his 
skill  here,  but  of  these  more  hereafter. 
They  have  no  idea,  however,  of  the  "  na- 
tural bed  "  of  stone,  facing  it  on  the  side 
most  easily  worked. 

While  this  has  been  doing,  the  "  con- 
tractor" has  been  to  the  timber  merchant 
to  arrange  for  delivery  of  timber  as  re- 
quired. The  bulk  of  the  stock  is  stored 
in  shallow  ponds,  stacked  up  so  as  to 
keep  it  completely  submerged,  and  the 
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Japanese  tradesman  prefers  the  wet  tim- 
ber to  wo?*k  upon.  Timber  is  rough-hewn 
into  lengths  that  will  give  clean  timber 
of  6,  9,  12,  15  and  18  ft.  lengths,  and  for 
square  stuff  a  mortise  also  ;  the  large 
timber  is  then  taken  to  the  "  works,"  and 
there  cut  up  into  the  sizes  required.* 
These  "  sawyers  "  form  a  special  branch 
of  trade. 

To  prevent  the  timber  splitting  and 
warping,  the  Japanese  take  a  half-cut  to 
the  center  and  parallel  to  the  heart,  and 
fill  it  up  with  a  slip,  as  the  wood  dries 
and  the  cut  "  gapes  "  or  expands. 

The  carpenters  take  their  measures 
from  the  "  working  plan  "  already  men- 
tioned, and  the  roof,  composed  of  rough 
crooked  timbers,  is  placed  together  by 
most  builders  as  they  are  cut,  although 
there  are  some  who  scorn  to  do  so,  de- 
pending entirely  on  the  accuracy  of  their 
plan  and  measurements  ;  every  joint  and 
every  piece  is  marked  ready  to  put  to- 
gether. When  the  frame  is  completed, 
a  lucky  day  is  selected  to  erect  it,  and 
this  is  very  speedily  done,  for  the  car- 
penters and  friends  are  eager  to  set  to 
work  at  devouring  the  good  things  pro- 
vided upon  all  such  occasions. 

The  details  of  the  processions,  the 
various  superstitions,  etc.,  interesting 
though  they  undoubtedly  are,  cannot  be 
introduced  here,  as  they  would  occupy 
too  much  space. 

Most  of  the  partitions  and  walls  of  a 
Japanese  house  are  formed  of  sliding 
panels,  either  covered  with  semi-trans- 
parent paper,  or  else  thickly  and  strongly 
papered  on  both  sides  for  inner  parti- 
tions ;  some  portions  of  the  inner  parti- 
tions and  outer  walls  being  of  plaster,  a 
framework  of  small-sized  and  split  bam- 
boo is  used,  upon  which  mud  and  stiff 
clay  are  plastered,  coat  upon  coat,  at 
least  three  coatings,  and  then  finished  as 
necessary. 

The  plasterer  is  the  "  right  hand  "  of 
the  carpenter,  and  ranks  next  him ;  he  is 
usually  more  of  an  artist,  the  better 
tradesmen  being  highly  skilled  in  orna- 
mental and  fancy  plaster  work.  Lime 
made  of  burnt  shells  is  much  used,  and  it 
is  mixed  with  size  extracted  from  sea-weed 
by  boiling  ;  outer  walls  are  generally  pro- 
tected by  thin  weather-boarding,  which 
is  colored  with  lamp-black  and  the  same 

*  The  tools  used  are  peculiar,  and  deserve  description, 
but  illustratious  only  can  give  any  idea  of  them. 


kind  of  size  as  that  already  mentioned. 
Broken  shells,  pure  gravel,  and  coarse 
brilliant  sand  are  often  used  for  portions 
of  interior  walls  plastered,  and  give  a 
very  pleasing  appearance  to  the  room,  as 
a  contract  to  the  neat  matting  and  dain- 
tily-papered screens  and  panels.  The 
roofs  of  dwelling  houses  of  the  better 
class  are  tiled ;  they  are  first  boarded 
with  §  in.  pine,  then  thin  split  shingles ; 
sometimes  the  bark  of  the  cryptomeria 
or  retinispora  is  laid  on  this,  but  inva- 
riably a  large  quantity  of  clay  or  river- 
mud  is  used  to  "  bed  "  the  tiles  in. 

Fireproofs  are  so  successful  in  resist- 
ing the  fierce  heat,  if  of  short  duration, 
that  they  withstand  the  sweeping  confla- 
grations that  occur  in  the  Japanese 
cities.  A  wooden  frame  with  a  lacework 
of  bamboo  forms  the  foundation  for  a 
solid  mud  structure  that  becomes  as  solid 
as  a  fire-brick,  and  stands  firm  long  after 
the  wooden  frame  has  decayed. 

The  Japanese  will  remove  a  house,  even 
one  of  their  large  heavy  fireproofs,  for  a 
long  distance.  Securing  crosspieces  to 
the  main  uprights,  they  raise  it  off  the 
foundations  with  a  number  of  long  balks 
for  levers,  to  the  ends  of  which  heavy 
stones  are  attached.  The  foundations 
removed,  timber  is  substituted,  and  small 
rollers  (about  2  in.  diameter)  are  used, 
planks  of  hard  wood  being  laid  down, 
between  which  the  rollers  work. 

Brick  and  tile  makers  will  be  men- 
tioned fully  hereafter.  We  must  now  re- 
turn to  the  finished  house,  and  see  about 
fittings  and  furniture. 

The  mat-makers  keep  a  stock  of  mats 
ready  to  be  covered.  These  are  made  of 
rice  straw  which  has  been  beaten  flat  and 
woven  and  sewn  together  until  it  is  about 
1  in.  thick,  3  ft.  wide;  and  6  ft.  long. 
This  core  is  covered  with  fine  matting, 
turned  round  the  ends,  and  the  sides  are 
bound  with  a  coarse  linen  border  1  in. 
wide,  black,  or  white  with  spots  for  some 
special  purposes.  Considerable  expe- 
rience and  judgment  are  required  in  fit- 
ting the  mats  and  laying  them  down,  so 
as  to  wear  well.  The  traffic  should  be 
with  the  grain,  and  nothing  appears  so 
unsightly  as  a  badly-matted  room. 

The  sliding  panels  that  form  a  parti- 
tion are  either  in  pairs  of  3  feet  each,  or 
in  fours,  filling  a  space  of  either  9  feet  or 
12  feet.  These  are  papered  on  both 
sides,     with    a    wooden     border.      The 
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method  of  Securing  this  bonier,  without 
nails  appearing,  is  curious,  and,  as  the 
border  is  generally  neatly  lacquered,  a 
matter  of  some  consequence. 

The  windows  arc  sliding  pannels,  out- 
side of  which  rain-shutters  are  fitted,  to 
be  closed  in  stormy  weather,  and 
nightly. 

The  aforesaid  panels  are  supplied  by  a 
branch  of  the  carpenters,  and  are  kept  in 
stock  ready  made  and  well  seasoned,  of 
all  qualities.  The  cheaper  are  made  of 
Cryptomeria\  indeed,  this  wood  forms 
the  principal  building  material.  The 
better  class  of  fittings,  and  some  por- 
tions of  the  more  expensive  houses,  are 
made  of  Metinispora  obtusa.  Fancy 
woods  are  used  to  a  small  extent  only. 

In  the  reception  and  living  rooms 
there  is  invariably  a  recess,  raised  some 
3  inches,  with  a  border  of  lacquered  or 
fancy  wood,  in  which  are  hung  pictures, 
and  where  flower-vases  and  swords  are 
mostly  seen ;  in  fact,  it  seems  this  recess 
has  been  the  especial  place  for  the  sword 
and  art  objects.  Some  rooms  have  little 
cupboards,  sets  of  shelves,  &c,  fitted,  so 
that  there  is  plenty  of  opportunity  for 
the  dai-ku  to  display  his  good  taste  and 
ability  as  a  designer. 

The  Japanese  workmen  and  artists  do 
not  proceed  at  random ;  there  is  a  syste- 
matic training  based  on  ancient  custom 
and  precedent;  hand-books,  with  elabor- 
ate instructions,  and  progressive  lessons, 
are  cheap  and  accessible  to  the  poorest, 
for  circulating  libraries  abound.  From 
first  strokes  to  the  finished  drawing,  and 


for  each   class    or   style  of   design,  tin 
are    many   elaborately    illustrated    works 
that  can  be  referred  to. 

The  blacksmith  does  not  contribute 
largely  to  the  ordinary  dwellings,  but 
the  metal-worker  in  small  articles  is  an 
important  person;  there  is  a  great 
amount  of  small  ware  needed  in  the  way 
of  hinges,  hasps,  plates  to  hide  corners, 
and  other  joints,  where  the  hand  touch 
the  panels  in  opening  and  closing,  and  in 
trifles  about  the  house. 

The  worker  in  metal  is  without  excep- 
tion the  most  artistic  of  Japanese  trades- 
men, and  the  least  dependent  upon 
others'  skill;  he  deserves  special  notice. 
Although  the  blacksmith  and  the  nail- 
maker  are  kindred  branches,  yet  the 
latter  is  but  a  secondary  personage ;  iron 
nails  are  not  extensively  used ;  even 
cheap,  foreign-made  nails  find  but  little 
sale. 

The  house  being  furnished  and  fitted, 
a  general  cleaning  up  precedes  the  grand 
ceremony  of  entering  upon  occupation 
thereof.  The  chests  of  drawers  (made  of 
the  timber  of  the  Paulownia  imperialist 
— of  the  several  members  of  the  family, 
each  lady  has  at  least  one,  her  toilet  and 
mirror  stands,  work-box,  &c, — are  moved 
in,  and  placed  in  their  appointed  places 
behind  sliding-panels  in  recesses  speci- 
ally constructed.  Then  come  in  the 
large  bedding-chest  and  its  contents,  the 
kitchen  furniture,  and  the  small  stands, 
bowls,  &c,  for  each  member  of  the  family 
has  a  set  of  utensils,  the  greater  portion 
of  all  of  which  are  of  wood,  lacquered. 


METHOD  OF  BLASTING  KOCK  FOR  THE  LYTTLETON  HARBOR 
WORKS,  CANTERBURY,  NEW  ZEALAND. 


By  GEORGE  THORNTON,  Assoc.  Inst.  C.E. 


The  works  at  Lyttleton  Harbor,  Can- 
terbury, New  Zealand,  consist  mainly  of 
two  rubble  breakwaters,  enclosing  an 
area  of  115  acres ;  one  extending  from 
Officers  Point  for  a  length  of  2,010  feet, 
and  40  feet  wide  at  the  top,  the  other 
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to  accomodate  the  shipping  and  railway 
traffic;  and  a  considerable  amount  of 
dredging  has  been  carried  out  in  the 
harbor. 

The  formation  of  the  cliffs  at  Officers 
Point   and  at  Naval  Point,   from  which 


from  Naval  Point  for  a  length  of  1,434  the  material  was  obtained  for  the  con- 
feet,  with  a  top  width  of  25  feet.  There  i  struction  of  the  works,  is  volcanic,  rang- 
are,  besides,  various  wharves  and  jetties  I  ing  from  compact  basalt  to  agglomerate 
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beds  and  layers  of  scoria  and  tufa,  inter- 
sected by  numerous  trap  dykes.  The 
strata  are  thus  very  irregular  and  varied 
in  their  character. 

The  system  pursued  by  the  contractors 
for  the  breakwaters  was  well  calculated 
to  furnish  an  abundant  supply  of  rubble 
suitable  for  the  protection  of  the  seaward 
face  of  the  works.  The  whole  of  the  ex- 
cavation was  done  by  means  of  mines, 
and  the  arrangements  were  so  admirably 
planned  and  carried  out,  that  at  no  stage 
throughout  the  three  years  and  upwards 
during  which  the  works  were  in  progress, 
was  there  any  deficiency  of  large  rubble. 
No  difficulty  or  danger  was  experienced; 
and  large  vessels  were  not  removed  on 
the  occasion  of  a  mine  being  fired,  al- 
though moored  but  a  few  yards  distant 
— the  nearest  mine  being  93  yards,  and 
the  most  distant  mine  being  233  yards 
from  the  shipping. 

An  electric  battery  was  at  first  used  to 
discharge  the  mine.  This  resulted  in 
failure,  and  the  loss  of  6  tons  of  powder 
in  the  chambers  unexploded.  Afterwards 
a  second  attempt  resulted  in  partial  fail- 
ure, although  skilled  electricians  were 
employed  in  both  cases.  The  contractors 
then  decided  to  resort  to  the  ordinary 
powder  train,  which  was  subsequently 
adopted  with  singular  success.  The  train 
consisted  of  a  piece  of  pine  timber,  4  in- 
ches wide  by  3  inches  deep,  with  a  V 
groove  cut  out  of  it,  in  which  the  powder 
was  placed ;  over  it  a  cover-board,  4  in- 
ches wide  by  1  inch  deep,  was  screwed 
down.  To  insure  instantaneous  combus- 
tion in  all  the  chambers,  a  plan  of  each 
mine  was  prepared  on  the  wharf,  and  the 
respective  distances  the  fire  would  have 
to  travel  were  accurately  measured  and 
laid  down  on  it.  As  the  chambers  were 
at  various  distances  from  the  mouth  of 
the  mine  where  the  train  was  lighted, 
the  fire  was  made  to  travel  the  same  dis- 
tance to  the  nearest  chamber  as  it  had  to 
the  farthest,  by  returning  the  train  until 
it  was  exactly  of  the  same  length.  It 
will  be  readily  understood  that  the  ex- 
plosion of  one  chamber  a  few  moments 
before  the  others  would  impair  their 
elficiency,  and  therefore  the  greatest  care 
and  precision  were  necessary;  and,  in 
order  that  nothing  might  be  left  to  chance, 
experiments  were  made  with  the  train 
laid  in  position  on  the  wharf  exactly  as 
it  would  be  in  the  mine,  by  lighting  it,  to 


ascertain  if  instantaneous  explosion  re- 
sulted throughout.  By  a  similarly  care- 
ful study  and  experiments  the  proper 
quantity  of  powder  necessary  in  each 
chamber  was  ascertained,  according  to 
the  line  of  least  resistance,  height  of  cliff, 
&c,  and  generally  the  results  were  as  an- 
ticipated. A  fuse  of  about  12  feet  in 
length  was  used,  which  burnt  about  five 
minutes.  The  largest  mine  exploded 
contained  15,900  lbs.  of  pebble  powder 
in  eight  chambers,  and  dislodged  upwards 
of  40,000  cubic  yards  of  rock.  The  small- 
est mine  fired  contained  a  charge  of  2,240 
lbs.  of  powder.  The  total  quantity  of 
powder  used  for  both  breakwaters  was 
104J-  tons,  giving  an  average  expenditure 
of  4.74  oz.  of  powder  to  each  cubic  yard 
of  rock  dislodged. 

The  heights  of  the  quarries,  which  were 
left  with  vertical  faces  on  the  completion 
of  the  works,  were,  at  Officers  Point  125 
feet,  and  at  Naval  Point  90  feet.  Every 
possible  care  was  exercised  in  charging 
the  mines.  It  being  found  that  if  the 
powder  was  packed  closer  in  the  chambers 
that  the  barrels  would  admit  of,  greater 
effect  was  produced  as  affording  less  air 
space,  the  contents  of  the  barrels  were 
emptied  into  bags.  These  bags  were 
placed  in  a  box  to  collect  any  loose  pow- 
der, the  ground  immediately  round  being 
watered.  Boots  without  nails  were  sup- 
plied to  the  men  entrusted  with  the 
charging  of  the  mines,  and  lamps  only 
were  used. 


Pkesentation  of  the  Bessemer  Medal. 
— At  the  meeting  of  the  Iron  and  Steel 
Institute  of  Great  Britain  in  London,  on 
May  7,  the  president  rose  to  present  the 
Bessemer  Medal  of  the  Institute  to  Mr. 
Peter  Cooper,  the  "father  of  the  Ameri- 
can iron  trade."  He  said  that  Mr.  Coop- 
er had  commenced  life  in  the  far  away 
times  before  the  King  and  Queen  of 
France  came  to  so  tragic  an  end  at  the 
latter  part  of  the  eighteenth  century,  and 
he  had  been  ever  since  engaged  actively 
in  the  every-day  business  of  life,  having 
earned  for  himself  during  his  long  life 
the  highest  possible  respect  among  all 
sorts  and  conditions  of  people  in  the 
United  States.  Mr.  Cooper's  special 
connection  with  the  iron  trade  com- 
menced more  than  fifty  years  ago,  and 
had  continued  to  the  present  time.     In 
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1830  he  built  the  largest  rolling  mill  in 
his  part  of  the  country,  at  Baltimore.  In  ' 
the  same  year  he  built  from  his  designs,  j 
and  afterwards  drove  the  first  locomotive 
made  in  America.  He  erected  after- 
wards, in  1845,  the  Trenton  Works,  then 
the  most  extensive  rolling  mills  in  the 
United  States ;  and  all  of  them  knew  how 
he  established,  twenty-rive  years  ago,  the 
great  Cooper  Institute,  which  is  now 
giving  excellent  education,  and  the  edu- 
cation was  of  a  technical  kind  that  we 
desired  to  extend  among  the  iron  makers. 
Considering  all  things,  the  Council  came 
to  the  conclusion  that  Mr.  Cooper,  from 
the  close  connection  with  our  brethren 
across  the  Atlantic,  and  that  they  are  the 
second  great  iron  and  steel  makers  in  the 
world,  ourselves  being  the  first — but  like- 
ly to  have  something  to  do  to  maintain 
our  position — the  Council  came  to  the 
conclusion  that  the  fit  and  proper  person 
to  receive  this  medal  was  Mr.  Peter 
Cooper,  and,  for  his  own  part,  he  hoped 
the  meeting  would  approve  of  the  de- 
cision of  the  Council.  Mr.  Cooper  had 
addressed  a  letter  to  Dr.  Siemens,  thank- 
ing him  for  the  communication  of  the 
offer  of  the  Bessemer  medal,  which  the 
president  read  as  follows: — 

"New  York,  April  15,  1879. 
"C.  W.  Siemens,  Esq., 

"President  of  the  Iron  and  Steel  Institute. 

"Dear  Sir: — Your  favor  of  the  4th 
instant,  announcing  that  the  Council  of 
the  Iron  and  Steel  Institute  has  resolved 
to  award  to  me  the  Bessemer  medal  for 
1879,  in  recognition  of  my  services  in 
the  promotion  of  metallurgical  science, 
has  given  me  great  pleasure,  and  I  do 
not  feel  that  the  services,  which  the 
Council  thus  rates  so  highly,  have  en- 
titled me  to  such  a  distinction,  although 
it  is  true  that  I  have  for  many  years 
taken  a  deep  interest  in  the  progress  of 
the  iron  and  steel  manufacture,  and  I 
have  always  considered  it  a  service  as 
well  as  a  duty  to  encourage  useful  im- 
provements in  that  business,  and  new 
industrial  applications  of  its  products. 

"In  transmitting  through  you  my 
acceptance  of  the  unexpected  honor 
which  the  Council  of  the  Institute  has 
conferred  upon  me,  permit  me  to  thank 
you  personally  .for  the  very  cordial  and 
flattering  terms  in  which  you  have  con- 
veyed its  decisions. 


"Regretting  my  inability  to  bo  present 
at  your  approaching  annual  meeting,  I 
beg  leave  to  name  my  friend,  Mr.  I.  L. 
Bell,  who,  I  trust,  will  kindly  consent  to 
represent  me  on  that  occasion.  Should 
Mr.  Bell  unfortunately  be  prevented  from 
attending,  perhaps  my  friend,  Mr.  Geo. 
J.  Snelus,  will  find  it  convenient  to  take 
his  place.  I  remain,  with  high  respect 
and  esteem,  yours  very  truly, 

Peter  Cooper." 

Mr.  I.  L.  Bell,  M.  P.,  said  that  after 
j  the  remarks  which  had  fallen  from  the 
|  president,  and  the  letter  which  had  just 
'  been  read,  it  was  not  necessary  to  detain 
the  meeting  more  than  a  minute  in  ful- 
filling the  office  which  his  venerable  and 
highly  respected  friend,  Mr.  Cooper,  had 
invited  him  to  undertake.  Their  presi- 
dent had  so  well  set  forth  the  claims  of 
Mr.  Cooper  to  the  distinction  accorded 
him  by  the  Iron  and  Steel  Institute,  that 
little  remained  for  him  to  say.  He  might, 
however,  say,  with  regard  to  the  Cooper 
Institute,  that  at  the  time  Mr.  Cooper 
erected  the  building  he  had  expended, 
and  he  knew  that  he  was  about  to  expend, 
every  farthing  of  his  realized  capital  up 
to  that  time.  Such  a  service  to  scientific 
instruction  they  might  look  for  almost 
in  vain  in  the  history  of  science.  He 
was  quite  satisfied  that  Mr.  Cooper  highly 
appreciated  the  compliment  which  had 
been  paid  him,  and  it  was  only  his  great 
age — being  over  ninety — and  the  distance 
from  New  York  to  London,  that  prevented 
his  being  present  to  have  accepted  the 
distinction  in  person  at  their  hands. 

Mr.  Snelus  said  that  so  great  was  Mr. 
Cooper's  anxiety  that  the  medal  should 
be  received  by  some  one,  that  when  Mr. 
Cooper  heard  that  Mr.  Bell  had  been  ill 
recently,  he  sent  a  letter  to  him  (Mr. 
Snelus)  to  acknowledge  the  compliment, 
and  to  tell  them  how  grateful  he  was  for 
the  award  they  had  offered  him.  He 
was  sure  that  the  Council  of  the  Iron  and 
Steel  Institute  could  not  have  given  it 
to  a  better  representative  of  the  United 
States  than  that  venerable  and  distin- 
guished gentleman. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  of  Civil  Engineers. — 
The  March,  April  and  May  Transactions 
have  just  come  to  hand.  The  nrst  is  devoted 
exclusively  to  Lighthouse  Engineering,  and  is 


80 


VAN  NOSTRAND'S   ENGINEERING   MAGAZINE. 


abundantly  illustrated.  The  paper  was  pre- 
sented by  Gen.  J.  G.  Barnard. 

The  April  No.  is  a  paper  by  Lieut.  Col.  B.  S. 
Alexander  on  the  Minot's  Ledge  Lighthouse. 

A  single  paper  No.  180,  "On  the  Construc- 
tion and  Maintenance  of  Roads,"  by  Edward 
P.  North,  fills  the  pages  of  the  transactions  for 
May.  The  illustrations  of  Mr.  North's  paper 
represent  the  Rollers  employed  for  asphalt 
pavements  and  cross  sections  of  streets. 


P 


ngineers'  Club  of  Philadelphia.  — 
j  Meeting  of  May  17,  1879.— Mr.  Chas.  G. 
Darrach  spoke  of  the  improvements  made  on 
what  is  known  as  No.  5  Turbine  at  Fairmount, 
built  in  1871  by  Mr.  E.  Geyelin.  The  gearing 
has  been  entirely  disconnected  from  the  walls 
of  the  house,  allowing  15  revolutions  per  min 
ute  instead  of  11  as  heretofore. 

Mr.  Geyelin  has  now  constructed  new  run- 
ners and  guide  wheels  with  cycloidal  curves, 
and  provided  with  a  partition  dividing  the 
buckets  vertically  into  an  outside  wheel  having 
1400  square  inches  of  outlet,  and  an  inside 
wheel  having  700  square  inches  of  outlet. 
These  wheels  replaced  those  made  in  1871, 
having  a  total  measurement  of  discharge  of 
2400  square  inches.  This  inside  area  is  cut  off 
by  an  automatic  inside  gate,  at  low  tide,  and  a 
consequent  saving  of  water  as  the  result,  as  16 
hours  out  of  the  24  the  inside  division  of  700 
square  inches  remains  entirely  closed. 

The  wheel  was  designed  to  pump  eight 
million  gallons,  but  until  these  improvements 
it  has  pumped  but  5£  million  gallons  per  day 
as  an  average  maximum.  No  difficulty  what- 
ever is  experienced  in  pumping  eight  and  one 
half  million  gallons  per  day,  and  Mr.  Geyelin 
expects  to  be  able  to  make  the  other  wheels 
pump  ten  million  per  day  with  a  smaller 
amount  of  water  than  they  are  now  using  to 
pump  six  million  gallons. 

Mr.  J.  H.  Harden  read  a  paper  on  "Schmitt's 
Revolving  Screen."  This  Screen  is  used  in 
the  coal  districts  of  Germany,  and  was  brought 
to  the  attention  of  the  writer  by  a  paper  by  Mr. 
D.  P .  Morison,  published  in  the  April  number 
of  The  Transactions  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 
Mr.  Harden's  paper  was  illustrated  by  draw- 
ings, without  which  it  is  difficult  to  give  a  good 
idea  of  the  Screen,  which  consists  of  an  iron 
plate  fifty  four  feet  long  by  four  feet  wide 
rolled  into  a  spiral,  in  the  convolutions  of  which 
are  the  perforations  for  separating  the  different 
sizes.  The  advantages  of  this  Screen  over  the 
old  forms  are : 

1.  Less  cost  and  decreased  space  in  propor- 
tion to  work  performed. 

2.  Coal  is  not  so  much  broken,  as  the  dis- 
tance traversed  by  the  large  lumps  is  smaller; 
and  the  work  done  is  more  efficient. 

3.  Construction  is  simple  and  strong  and  the 
parts  are  readily  accessible  for  repairs. 

4.  Less  power  required  to  drive,  the  matter 
being  more  evenly  distributed,  and  not  lying 
entirely  in  the  bottom  of  the  Screen. . 

Mr.  Rudolph  Hering  exhibited  models  of 
connections  to  be  used  in  joining  house  drains 
to  sewers.  These  connections  are  terra  cotta 
blocks,  sixteen  inches  long  by  twelve  inches 


wide,  having  a  projecting  pipe  into  which  the 
drain  from  the  house  fits.  The  projection  from 
the  block  is  at  an  angle  of  45  degrees  with  the 
axis  of  the  sewer  in  order  that  there  may  be  no 
checking  of  the  flow  when  the  drainage  from 
the  house  enters.  In  the  case  of  pipe  sewers,  a 
section  of  pipe  is  made  with  the  connection. 
These  blocks  are  built  into  the  sewer  at  inter- 
vals corresponding  with  the  width  of  the  house 
lots  on  the  street ;  and  are  are  made  of  different 
shapes  in  order  to  fit  any  position,  though  the 
usual  place  is  at  the  springing  line  of  the  arch. 

Mr.  Hering  spoke  at  length  on  the  change 
which  has  taken  place  in  the  last  hundred  years 
in  the  formula  for  determining  the  velocity  of 
flow  of  water  in  pipes ;  and  showed  that  as  new 
conditions  entered  into  the  problem  the  ac- 
cepted formula  would  be  superseded  by  one 
which  met  those  conditions,  until  "Kutter's 
formula"  was  evolved  by  combining  the  others, 
all  of  which  had  been  correct  for  the  conditions 
of  the  experiments  on  which  they  had  been 
established. 

In  the  discussion  which  followed  Mr.  Her- 
ings  remarks,  Mr.  C.  G.  Darrach  said  that  he 
had  found  in  a  series  of  fifty-two  experiments, 
communicated  by  him  to  the  Am.  Society  of 
Civil  Engineers,  that  equal  increments  of  veloc- 
ity produce  equal  increments  of  pressure,  or 
friction  head ;  and  that  he  had  found  Kutter's 
formula  inapplicable  in  these  experiments. 
Charles  A.  Young, 
Corresponding  Secretary,  pro  tern. 


IRON  AND  STEEL  NOTES. 

C Crystals  in  Foundry  Pig. — In  investigat- 
J  ing  certain  sulphur  compounds  contained 
in  the  graphite  of  meteoric  iron  Mr.  Lawrence 
Smith  was  led  to  study  the  artificial  product 
foundry  pig  {font  defer),  and  he  has  communi- 
cated the  results  to  the  French  Academy  of 
Sciences.  This  last,  like  meteoric  irons,  con- 
tains graphite,  and  it  is  admitted  this  substance 
owes  its  state  of  extreme  division  to  the  man- 
ner in  which  it  is  separated  from  its  solution  in 
the  molten  metal  at  the  moment  when  it  as- 
sumes the  solid  state.  Mr.  Smith  has  experi- 
mented on  the  pig  itself  previously  reduced  to 
fine  powder.  If  this  iron  thus  divided  be  agi- 
tated with  ether  or  petroleum,  or  more  simply 
if  one  of  these  solvents  be  let  run  through  iron 
filings  placed  in  a  glass  tube,  there  at  once  oc- 
curs the  spontaneous  evaporation  of  the  liquid 
with  the  formation  of  acicular  crystals,  abso- 
lutely similar  to  those  given  by  meteoric  graph- 
ite. The  quantity  of  these  crystals  varies  with 
the  quality  of  the  pig-iron  used,  but  success 
may  be  expected  with  most  kinds  of  iron  if 
from  twenty  to  fifty  grammes  of  the  pow- 
dered iron  be  operated  upon.  Heated  in  a  tube 
the  crystals  in  question  quickly  melt.  At  a 
higher^  temperature  they  volatilize,  leaving  a 
carbonaceous  residue  generally  smaller  than 
that  from  the  meteoric  crystals.  The  principal 
part  of  the  substance  consists  of  sulphur.  Mr. 
Berthelot  had  obtained  similar  crystals  by  treat- 
ing iron  sulphides,  artificial"  or  natural  (proto- 
sulphide,  bisulphide,  pyrrothine,  &c),  with 
ether  or  alcohol.     From  this  Mr.  Berthelot  at- 
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tributes  the  presence  of  the  carbon  to  the  solv- 
ent employed.  Mr.  Smith,  however,  did  not 
exactly  Bee  how  one  could  thus  explain  the  va- 
rious proportions  of  carbon  associated  with  the 
sulphur  According  to  the  material  experimented 
with,  and  which  is  relatively  so  large,  especially 
with  the  Orgeuil  meteorite  Mr.  Berthelot  re- 
marked that  from  an  examination  of  Mr.  Law- 
rence Smith's  specimens  they  Appeared  to  him 
to  be  identical  with  a  material  he  had  obtained 
by  the  action  of  perfectly  pure  ether  as  well 
upon  octohedral  sulphur  as  upon  the  anhydrous 
sulphides  of  iron.  In  every  case  the  compound 
contained,  as  well  as  carbon  and  hydrogen,  a 
considerable  quantity  of  combined  sulphur,  in- 
dependently of  the  pure  sulphur,  which  first 
separates  in  crystals  during  the  evaporation. 
The  formation  of  the  same  substance  with  pig- 
iron,  discovered  by  Mr.  Smith,  is  probably  due 
to  the  presence  of  a  trace  of  sulphide  of  iron 
in  the  pig  itself.  It  will  thus  be  seen  the  solvents, 
regarded  as  neutral,  are  far  from  acting  in  every 
case  as  a  mere  solvent  of  the  bodies  put  in  con- 
tact with  them  without  ever  altering  them 
chemically.  Mr.  Berthelot  concludes :  These  re- 
sults are  of  a  nature  to  call  for  great  reserve  in 
all  conclusions  relative  to  the  pre-existence  in 
meteorites  of  these  crystallizable  hydrocarbon- 
aceous  matters,  which  are  susceptible  of  being 
extracted  from  them  by  organic  solvents  such 
as  ether  or  alcohol. 


RAILWAY  NOTES. 

It  is  stated  that  the  Midland  Railway  Com- 
pany are  arranging  to  provide  their  goods 
and  mineral  wagons  with  continuous  brake 
power.  Hitherto,  although  something  has  been 
done  in  this  way  for  passengers,  nothing  has 
been  attempted  for  the  safety  of  the  railway 
servants  engaged  in  running  the  enormous  traf- 
fic in  goods. 

A  French  engineer,  named  Duponchel,  has 
made  a  report  on  the  projected  railway 
across  the  Desert  of  Sahara,  from  Algiers  to 
Timbuctoo,  a  distance  of  2500  kilos.  We  called 
attention  to  this  more  than  a  year  ago,  but  it 
does  not  seem  that  the  principal  difficulty,  the 
want  of  water,  which  is  not  to  be  procured  in 
that  region,  has  been  overcome.  M.  Duponchel 
calculates  that  for  three  trains  daily  the  amount 
of  water  required  would  be  4000  cubic  meters, 
and  that  the  engineering  science  of  the  day  is 
quite  sufficient  to  supply  even  a  much  greater 
quantity  at  the  requisite  points.  But  what  as 
to  cost? 

The  survey  for  the  Russian  railway  in  the  Cau- 
casus, between  Vladikavkaz  and  Tifiis  has 
been  completed,  and  the  plans  are  stated  to 
have  received  the  assent  of  General  Possiet. 
The  line  will  be  183  versts  long,  with  a  good 
many  tunnels,  and  will  cost  22,000,000  roubles, 
or  about  120,000  roubles  a  verst,  £15,000  a  mile. 
The  Caucasian  range  will  be  crossed  at  Kobi  by 
a  tunnel  six  versts  long,  512  feet  below  the  ex- 
isting post  road.  It  is  not  expected  that  the 
Tifiis-Erivan  line  will  be  commenced  until  the 
Vladikavkaz  railway  has  been  completed,  but 
the  line  from  Baku  to  Tifiis,  connecting  the 
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Caspian  with  the  Black  Sea,  is  being  very  ener- 
getically  pushed  forward. 

TT^he  Board  of  Trade   n  port  on   the   railway 

_1_     accidents  and  casualties  during  the  year 

ending  31st  December,  1878,  has  Appeared,  and 
is  thus,  we  are  glad  to  say,  earlier  than  usual. 
From  it  we  learn  that  accidents  to  trains,  rolling 
stock  and  permanent  way,  during  the  year, 
caused  the  death  of  39  persons,  and  injury  to 
1329 — viz. : — Passengers  killed,  24  ;  injured, 
1173;  servants  of  companies  killed,  15;  injured, 
156;  total— killed,  39;  injured,  1329.  During 
the  twelve  months  there  were  reported  53  col- 
lisions between  passenger  trains  or  parts  of  pass- 
enger trains,  by  which  13  passengers  were 
killed,  and  452  passengers  and  14  servants 
injured;  98  collisions  between  passenger  trains 
and  goods  or  mineral  trains,  engines,  &c. ,  by 
which  six  passengers  and  one  servant  were 
killed,  and  537  passengers  and  38  servants  were 
injured;  28  collisions  between  goods  trains  or 
parts  of  goods  trains,  by  which  five  servants 
were  killed  and  30  were  injured;  76  cases  of 
passenger  trains  or  parts  of  passenger  trains 
leaving  the  rails,  by  which  five  passengers  and 
two  servants  were  killed,  and  106  passengers 
and  seven  servants  were  injured;  15  cases  of 
goods  trains  or  parts  of  goods  trains  leaving  the 
rails,  by  which  7  servants  were  killed  and  28 
were  injured;  16  cases  of  trains  or  engines 
traveling  in  the  wrong  direction  through 
points,  by  which  13  passengers  and  nine  ser- 
vants were  injured;  20  cases  of  trains  running 
into  stations  or  sidings  at  too  high  a  speed,  by 
which  41  passengers  and  three  servants  were 
injured ;  169  cases  of  trains  running  over  cattle 
or  other  obstructions  on  the  line,  by  which 
three  passengers  and  four  servants  were 
injured;  10  cases  of  the  bursting  of  boilers  or 
tubes,  &c,  of  engines,  by  which  14  servants 
were  injured;  five  cases  of  the  failure  of  ma- 
chinery, &c. ,  of  engines,  by  which  one  servant 
was  injured;  the  failure  of  1034  tires,  one  of 
which  caused  injury  to  one  servant ;  the  failure 
of  540  axles,  causing  injury  to  four  passengers 
and  four  servants;  16  cases  of  the  failure  of 
couplings,  causing  injury  to  seven  passengers 
and  two  servants;  the  fracture  of  490  rails, 
causing  injury  to  eight  passengers;  and  eight 
accidents  of  a  miscellaneous  description,  caus- 
ing injury  to  two  passengers  and  one  servant  — 
Engineer. 


ENGINEERING  STRUCTURES. 

EXCAVATIONS  AND  FOUNDATIONS  IN  SAND. — 
M.  Plocq  has  published  an  interesting 
note  upon  the  recent  harbor  improvements  at 
Dunkerque  and  Gravelines.  There  are  ten 
sluices  for  controlling  the  fresh  and  salt  waters 
of  the  districts,  for  various  purposes  of  mar- 
itime and  domestic  economy,  as  well  as  for  the 
wants  of  the  military  service  and  for  defensive 
operations  in  time  of  war.  The  sluices  are 
built  in  a  soil  which  is  wholly  made  up  of  pure 
sand,  of  flour-like  fineness,  reaching  to  a  depth 
of  15  or  20  meters  (16.4  to  21.9  yards)  below  the 
lowest  tidal  levels.  The  works  were  all  exe- 
cuted by  the  help  of  cofferdams,  in  preference 
to    dredging,   and   the   preparations   were    so 
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thorough  that  it  was  always  easy  to  work  in 
dry  sand  even  at  the  lowest  foundation  levels. 
The  total  cost  was  less  than  half  what  it  would 
have  been  by  the  whole  method  of  dredging, 
and  the  saving  of  time  was  in  about  the  same 
ratio. — Ann.  des  Ponts  et  Chaussees, 

St.  Gothard  Tunnel. — A  serious  difficulty 
has  occurred  between  the  St.  Gothard 
Tunnel  Railway  Company  and  the  contractor, 
M.  Favre.  The  company  wished  to  mortgage 
all  the  works  of  the  line  and  those  of  the 
tunnel.  M.  Favre  objected  to  this  because  it 
imperilled  his  interests.  The  company  then 
changed  the  system  of  operations.  The  con- 
tractor, being  bound  to  complete  the  work  at  a 
fixed  date,  had  prepared  the  materials  for  the 
entire  lining  of  the  tunnel.  The  company 
determined  to  line  the  tunnel  only  at  intervals 
of  from  4  to  70  metres,  with  gaps  of  equal 
extent.  The  materials  already  prepared  become, 
therefore,  partially  useless ;  the  security  of  the 
navvies  and  of  the  tunnel  is  seriously  endanger- 
ed, for  the  nature  of  the  soil  renders  a  continu- 
ous lining  as  necessary  as  ever,  and  the  con- 
tractor can  no  longer  make  use  of  his  boring 
machines,  for  the  diameter  of  the  tunnel  will 
vary  according  to  whether  it  is  to  be  lined  or 
not.  The  company  deliberately,  it  is  alleged, 
placed  obstacles  in  the  contractor's  way,  with  a 
systematic  attempt  to  make  him  throw  up  the 
work,  so  as  to  enable  the  company  to  take 
possession  of  the  tunnel  and  include  it  in  the 
mortgage  promised  to  the  bankers,  from  whom 
they  obtained  an  advance  of  about  £8,000,000. 
By  order  of  M.  Favre,  1,200  of  the  workmen 
lately  employed  in  the  Gothard  tunnel  were 
discharged.  Great  excitement  prevails  on  this 
subject  at  Berne. 
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Herr  Krupp's  Ordnance  Experiments. — 
The  Berlin  correspondent  of  the  Standard 
states  that  "the  programme  of  the  ordnance 
trials,  to  take  place  at  Herr  Krupp's  manufac- 
tory in  July,  includes  no  fewer  than  twenty-five 
different  experiments,  extending  over  four  days. 
The  experiments  will,  it  is  anticipated,  far  ex- 
ceed in  interest  those  of  1877  and  1878,  many  of 
the  forthcoming  performances  being  entirely 
new.  Besides  the  experiments  with  the  new 
40  centimeter  gun,  whose  capabilities  of  opening 
and  closing,  velocity,  and  degree  of  gas  press- 
ure will  be  tested  with  twenty  charges,  the 
capabilities  of  a  2.5  centimeter  revolver-cannon 
are  to  be  tried,  for  the  first  time,  with  ten 
charges  at  1000  paces.  Then  follows  a  trial  of 
Krupp's  iron-plated  guns,  for  which  a  15.5'cen- 
timeter  gun  will  be  employed.  The  resistance 
of  the  plating  will  first  be  investigated,  then  the 
firing  capabilities  of  the  gun  tested  with  thirty 
charges,  and  finally  the  result  will  be  verified 
with  another  piece  of  the  same  description  of 
ordnance  in  an  additional  two  rounds.  The  21 
and  28  centimeter  howitzers,  a  15  centimeter 
rifled  mortar,  and  9.6  centimeter  field-piece  will 
be  likewise  employed  for  various  experiments. 
The  greatest  distance  at  which  trials  are  to  be 
made  will  be  in  the  case  of  the  10.5  centimeter 


siege -piece,  which  is  to  be  fired  at  10,000  meters, 
and  the  15  centimeter  gun,  which  is  to  be  tested 
at  4,000  meters  with  steel  shrapnel." 

tp  xperiments  on  the  effect  of  alr 
Jjj  Spaces  Between  Shot  and  Charge. 
Numerous  statements  have  been  made  in  the 
papers  in  connection  with  the  Thunderer  acci- 
dent on  the  liability  of  a  gun  to  burst  if  the 
projectile  were  not  rammed  home  It  may  be 
remembered  by  many  that  this  was  at  first  put 
forward  as  the  actual  cause  of  the  bursting  of 
the  38-ton  gun — an  explanation  which  we  re- 
jected as  insufficient.  There  was  some  ground 
for  it  ;  projectiles  had  been  known  to  slip  for- 
ward in  a  gun,  so  it  was  stated,  when  the  muz- 
zle was  dipped,  and  nearly  everyone  who  has 
shot  has  been  warned  of  the  danger  of  getting 
the  muzzle  of  a  fowling  piece  plugged  up  with 
mud  or  dirt  of  any  kind.  Captain  Noble,  in 
his  evidence  before  the  Thunderer  Committee, 
points  out  that  this  is  a  very  different  state  of 
things  from  the  explosion  of  powder  with  a* 
space  between  it  and  the  projectile.  A  charge 
of  shot  passing  through  a  barrel  and  suddenly 
checked  at  the  muzzle  by  such  portions  of  the 
mud  as  may  not  have  yet  yielded  to  the  action 
of  the  exploding  gas,  more  nearly  corresponds 
to  the  experiment  made  by  Captain  Andrew 
Noble,  of  firing  wax  against  a  bullet  held  in 
the  muzzle  of  a  rifle  barrel.  In  short,  the  dou- 
ble loading  more  nearly  resembles  the  case  of  a 
shot-charged  fowling-piece  with  an  obstruction 
in  the  barrel,  than  the  supposed  case  of  a  single 
shot  fired  with  an  air  space  behind  it. 

To  test  the  matter  fully  experiments  have 
been  carried  out  at  Elswick  with  much  care. 
Our  service  10-in.  gun  fires  a  charge  of  70  lbs. 
with  a  400  lb.  projectile  without  gas  check. 
The  Elswick  10-in.  gun,  employed  in  this  trial, 
fired  an  85  lb.  charge  with  a  403  lb.  projectile, 
including  gas  check  in  each  instance.  The  air 
space  was  successively  2  f t. ,  4  ft. ,  and  6  ft.  in 
the  first  three  rounds,  and  as  the  air  space  in- 
creased, the  pressure  on  the  bore  and  velocity 
of  the  shot  decreased,  the  pressure  gauges 
showing  that  the  gun,  with  4  ft.  air  space,  was 
hardly  exposed  to  half  the  pressure  that  would 
have  existed  had  the  same  projectile  and  charge 
been  fired  when  properly  rammed  home.  Con- 
siderable confidence  had  already  been  shown 
by  the  Elswick  Company  in  its  conviction  that 
an  increase  of  air  space  would  not  strain  or  in- 
jure the  gun,  but  one  round  was  finally  fired 
with  rapid  burning  powder,  which  would,  if 
the  shot  were  rammed  home,  give  27  tons  to 
30  tons  pressure  on  the  bore.  With  an  air 
space  of  4ft.,  however,  only  16.7  tons  were 
registered.  This  shows  that  the  increase  of  air 
space  diminishes  the  explosive  effect  under  such 
conditions  as  would  exist  in  the  case  of  a  pro- 
jectile slipping  forward,  and  that  the  violent, 
strain  which  fell  on  the  38-ton  gun  was  due  to 
some  other  cause,  while  there  is  other  evidence 
to  point  out  that  the  cause  actually  was  double 
loading. 

The  gun  selected  for  the  experiments  was  of 
20  tons  weight  and  10  in.  caliber,  but  having 
its  powder  chamber  enlarged  to  12  in.  The 
powder  used  was  a  pebble  powder,  giving,  ac- 
cording to  the  standard  furnished  by  the  Gov- 
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eminent  specification,  a  velocity  of  about  1480ft. 
per  second,  from  an  8  in.  gun,  the  pressure  de- 
veloped in  the  proof  gun  being  within  the  pre- 
scribed limits.  The  powder  was  well  known. 
Unity  and  pressure  having  been  deter- 
mined in  a  great  variety  of  guns. 

The  charges  used  throughout  were  the  Bame 
as  those  used  in  the  Thunderer's  guns,  as  was 
also  the  length  of  the  cartridge,  which  was  22 
in.  Under  normal  conditions,  that  is,  without 
nl  space,  and  with  a  gravimetric  density 
:■"».  OT  33.8  cubic  inches  to  the  lb.,  the 
chamber  pressure  with  the  powder  has  been 
ascertained  to  be  1?  tons  to  the  square  inch  ; 
but  with  a  "2*2  in.  length  of  cartridge  this  press- 
ure would  behigher^about  20  tons  to  the  square 
inch,  and  the  muzzle  velocity  given  lo  a  400  lb 
projectile  would  be  1487  ft*.  "The  first  round 
WES  tired  with  a  charge  of  83  lb.  pebble  pow- 
der, the  weight  of  projectile  with  gas  check 
being  403  lbs. 

Three  crusher  gauges  were  placed  in  the  base 
of  the  projectile,  one  as  near  as  possible  to  the 
top  of  the  shot,  one  in  the  center,  and  one  at 
the  bottom.  A  crusher  gauge  was  also  placed 
at  the  bottom  of  the  borc\  The  crusher  gauges 
used  in  the  first  round  were,  previously  to  fir- 
st to  10  tons  on  the  square  inch.  The 
vacant  space  between  the  cartridge  and  shot 
was  -  ft.  No  wad  was  used.  On  tiring,  the 
velocity  of  the  shot  was  found  to  be  1240  ft. 
cond,  the  pressure  at  the  bottom  of  the 
bore  11.7  tons,  while  the  whole  of  the  crusher 
gauges  in  the  projectile  were  unaltered — that  is, 
in  no  case  had  the  pressure  on  the  projectile 
reached  10  tons  per  square  inch.  The  second 
round  consisted  of  a  charge  of  85  lb.  pebble 
powder,  and  a  projectile  of  402  lbs. ,  with  a  va- 
cant space  of  4  ft.  In  this  instance  the  crusher 
gauges  in  the  gun  and  in  the  center  of  the  base 
of  the  shot  were  set  to  10  tons,  while  those  at 
the  top  and  bottom  of  the  shot  were  left  unad- 
justed, or  to  indicate  as  low  a  pressure  as  the 
material  of  the  crusher  would  admit  of.  On 
firing,  the  velocity  of  the  shot  was  found  to  be 
1067  ft.  per  second  ;  the  pressure  at  the  bottom 
of  the  bore,  10.15  tons  on  the  square  inch  ;  at 
the  top  of  the  shot,  7.6  tons  ;  at  center  of  shot, 
gauge  unaltered — therefore,  under  10  tons — 
and  at  bottom  of  shot,  6  tons.  The  pressures 
on  the  shot  in  both  of  these  cases  are  less  than 
that  due  to  the  density  of  the  exploded  products 
at  the  point  where  the  shot  rested.  In  other 
words,  there  was  no  increase  of  pressure  due  to 
the  run  of  the  gas.     No  wad  was  used. 

In  the  next  round  the  projectile  and  charge 
were  of  the  .^ame  weight  and  description  as  In 
the  second  round,  the  vacant  space  between 
the  cartridge  and  projectile  being  increased 
to  0  ft.  A  wad  of  Thunderer  pat  tern  was  placed 
in  contact  with  the  projectile.  On  firing,  the 
velocity  of  the  shot  was  found  to  be  849.5  ft. 
per  second,  the  pressure  at  bottom  of  bore  an 
der  10  tons  on  the  square  inch,  at  the  top  of  the 
of  the  shot  under  8  tons,  at  center  of 
shot  5  6  tons,  and  at  bottom  of  shot  under 
8  tons.  The  following  round  consisted  of 
a  projectile  and  charge  of  the  same  weight 
and  description  as  before,  the  vacant  space 
between  the  cartridge  and  projectile  being 
2  ft.     A  papier-mache  wad,    Thunderer    pat- 


tern, was  placed  4  ft.  in  front  of  the  pro- 
jectile. On  tiring,  the  velocity  was'  found 
to  be  1208  ft.  per  second,  I  he  pressure  at  bottom 
of  bore  11.1  tons,  at  base  of  shot,  top,  7.1)  tons  ; 

center,  9.2  tons  ;  and  bottom,  8.4  ion-.    The 

pre-enee  of  the  wads  did  not  appear  to  have 
modified  any  of  the  conditions,  it  certainly  did 
not  increase  the  pressures  in  either  CSSi 
considerable  quantity  of  the  materia]  <>f  the 
wads  was  picked  up  within  60  yards  from  the 
muzzle.  It  was  Bpfit  up  into  thin  laminae  and 
torn  into  shreds. 

The  foregoing  rounds  made  it  abundantly 
evident  that  with  pebble  powdei  no  pressure 
capable  of  endangering  the  safety  of  the  gun 
would  result.  It  was  then  determined  to  tire  a 
round  with  a  charge  of  far  more  rapidly-burning 
powder  than  is  now  used  for  heavy  guns,  and 
which  there  was  little  doubt  would  generate  a 
high  local  pressure,  though  not  sufficient  to  in- 
jure the  gun.  The  gun  was  therefore  tired  with 
a  charge  of  85  lb.  R  B.  G.  powder,  made  up 
to  a  length  of  22  in.  and  with  a  distance  between 
charge  and  shot  of  4  ft. 

On  firing,  the  velocity  was  found  to  be  1136 
ft.,  the  pressure  at  the  bottom  of  the  bore  10.7 
tons  on  the  square  inch.  Those  on  the  base  of 
the  shot  were  as  follows:  near  the  top  25.5  tons, 
in  center  35.3  tons,  and  near  the  bottom  '-23.3 
tons.  Had  the  gun  been  fired  normally,  the 
pressure  in  the  chamber  would  have  been  from 
27  to  30  tons  on  the  square  inch,  and  on  the 
shot  nearly  as  much.  These  exceptional  press- 
ures produced  no  ill  effect  on  the  gun. 

It  will  be  observed  here  that  there  are  wide 
differences  in  pressures  at  points  but  little  apart 
from  one  another.  These  differences  may  be 
explained  by  supposing  that  in  the  gauges 
where  the  higher  pressures  arc  indicated  the 
fluid  products  in  larger  mass  strike  the  gauge 
at  a  high  velocity,  and  the  energy  of  these  pro- 
ducts reconverted  into  pressure  indicates  an  ab- 
normally high  pressure. — Engineer.- 
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SUPPLEMENT  TO  A  HANDBOOK  OF  CHEMICAL 
Manipulation.  By  C.  Gkeville  Wil- 
liams, F.  R.  S.  London  :  John  Van  Voorst. 
Price  $1.00. 

This  pamphlet  of  88  pages  is,  as  its  title  im- 
plies, only  a  collection  of  recently  devised 
methods  of  laboratory  operations. 

It  is  purely  technical  in  its  style,  and  of  use 
only  to  the  analytical  chemist  or  physicist,  but 
to  such  the  work  is  invaluable. 

Life  and  "Work  of  Joseph  Henby.  By 
Frank  L.  Pope.  Vice-President  of  the 
American  Electrical  Society.  New  York:  D. 
Van  Nostrand.     Price  50  cts. 

This  brief  biography  is  a  reprint  from  the 
journal  of  the  American  Electrical  Society. 

It  involves  of  necessity  a  bit  of  the  history  of 
the  development  of  electrical  science  in  this 
country. 

This  dual  sketch  is  exceedingly  well,  though 
briefly,  presented  by  the  author,  who  is  well 
known  as  a  ready  writer. 

The  pamphlet  is  printed  on  tinted  paper  and 
well  illustrated. 
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Tkeatise  Relative  to  the  Testing  of 
Water  Wheels  and  Machinery.  By 
James  Emerson.  Springfield  :  Weaver,  Ship- 
man  &  Co.  For  sale  by  D.  Yan  Nostrand. 
Price  $1.50. 

This  book  is  of  undoubted  value  to  all  who 
use  water-power.  There  is  much  practical  in- 
formation relating  to  Hydraulics,  aside  from 
the  detailed  reports  of  trials  of  a  large  number 
of  American  Turbine  Wheels. 

Probably  no  such  facilities  for  testing  hy- 
draulic motors  can  be  found  elsewhere  in  the 
world  ;  and  it  is  furthermore  unlikely  that  any 
other  engineer  than  Mr.  Emerson  can  produce 
such  an  array  of  practical  tests  personally  di- 
rected and  recorded. 

The  illustrations  of  the  book  represent  most 
of  the  forms  of  American  Turbines. 

The  Plumber  and  Sanitary  Engineer. 
This  excellent  journal  is  to  appear  on  the 
1st  and  15th  of  each  mouth  instead  of  monthly, 
as  heretofore. 

This  change,  which  has  been  contemplated 
for  some  time,  has  been  made  necessary  by  the 
increasing  popular  attention  given  to  sanitary 
subjects,  and  by  the  difficulty  of  printing  the 
current  information  relating  to  such  subjects 
in  the  present  limited  space. 

This  journal  was  founded  to  remove  the 
public  prejudice  against  modern  improvements, 
and  to  show  that  where  sickness  is  ascribed  to 
their  use  it  is  because  of  ignorance,  parsimony 
or  dishonesty  on  the  part  of  those  responsible 
for  their  arrangement. 

Annual  Report  upon  the  Survey  of  the 
Northern  and  North- Western  Lakes 
and  the  Mississippi  River.  In  charge  of  C. 
B.  Comstock,  Major  of  Engineers,  and  Robert 
Brig,  General  U.  S.  A.,  and  H.  M.  Adams, 
Captain  of  Engineers,  U.  S.  A.  Washington  : 
Government  Printing  Office. 

The  present  issue  is  an  Appendix  to  the  Re- 
port for  1878,  and  exhibits  the  following  exten- 
sion of  the  survey  : 

Progress  of  the  work  during  the  year. — On 
Lake  Erie  the  triangulation  has  been  carried 
from  Cleveland,  Ohio,  to  the  west  end  of  the 
lake.  The  topography  and  hydrography  have 
been  extended  to  include  all  of  the  American 
shore,  and  the  Canadian  shore  from  Detroit 
River  to  Point  Pelee.  A  base  line  has  been 
measured  near  Chicago  and  the  connecting  tri- 
angulation east  has  been  completed  to  White 
Pigeon,  Mich. 

The  latitude  and  longitude  of  Memphis, 
Tenn.,  have  been  determined,  and  in  connec- 
tion with  Capt.  W.  S.  Stanton,  United  States 
Engineer,  the  longitudes  of  Fort  Laramie,  Wyo. , 
Camp  Robinson,  Neb.,  and  Deadwood,  Dak., 
have  been  determined. 

The  survey  of  the  Mississippi  River  has  been 
carried  from  Mount  City,  above  Memphis,  to 
Scanlon's  Landing,  Ark.,  and  a  line  of  precise 
levels  has  been  completed  from  Memphis,  Tenn. , 
to  Austin,  Miss. 

A  chart  of  Lake  Ontario,  coast  charts  Nos.  1 
and  2  Lake  Ontario,  coast  charts  Nos.  7,  8  and 
9  Lake  Michigan,  and  detail  charts  Nos.  1,  2, 
3,  4,  5,  6  and  7  Mississippi  River  have  been 
completed. 


PROCEEDINGS  OF  THE  INSTITUTION  OF  ClVIL 
Engineers.  Of  the  excerpt  minutes  of 
the  above  proceedings  we  have  received,  through 
the  kindness  of  Mr.  James  Forrest,  A.  I.  C.  E., 
the  Secretary: 

Railway  Work  in  Japan.  By  Wm.  Furniss 
Potter,  M.  I.  C.  E. 

Encroachments  of  the  Sea  from  Spurn  Point 
to  Flamboro'  Head.  By  Robert  Peckwell.  A.  I. 
C.  E. 

Portland  Cement  Concrete  in  Ashes  and  Port- 
land Cement  Mortar.  By  Charles  Colson,  A.  I. 
C.  E. 

Portland  Cement  Concrete.  By  John  Watt 
Sandeman,  M.  I.  C.  E. 

The  Construction  of  High-Pressure  Boilers. 
By  James  Fortescue  Flannery. 

The  Constructian  of  Heavy  Ordinance.  By 
J.  A.  Longridge,  M.  I.  C.  E. 

This  last  paper  is  presented  with  its  illustra- 
tions in  our  present  issue.  The  discussions  will 
appear  in  our  next. 

^TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE 

.  J_  of  Mining  Engineers.  Vol.  VI.  May, 
1877,  to  February,  1878.  Easton  :  Published 
by  the  Institute. 

This  volume  contains  the  papers  presented 
at  the  meetings  of  Wilkesbarre,  Amenia  and 
Philadelphia. 

From  the  list  of  papers,  forty-nine  in  num- 
ber, we  select  the  following  titles  as  affording 
an  estimate  of  the  range  of  topics  presented  : 

Hydraulic  Mining  in  California,  by  A.  J. 
Bowie,  Jr.  ;  The  Strength  of  Wrought  Iron  as 
affected  by  its  Composition  and  by  its  Reduc- 
tion in  Rolling,  by  A.  L.  Holley,  M.I.C.E.  ; 
Manganese  Pig,  by  R.  W.  Raymond,  Ph.D.  ; 
Note  upon  the  Blue  Process  of  Copying  Trac- 
ings, by  P.  Barnes  ;  On  the  Manufacture  of 
Artificial  Fuel,  by  E.  F.  Loiseau  ;  The  Me- 
chanical work  performed  in  heating  the  Blast, 
by  Prof.  B.  W.  Frazier;  Copper  by  Electricity, 
by  N.  S.  Keith  ;  On  Pulverized*  Zinc  and  its 
Uses  in  Analytical  Chemistry,  by  Dr.  Thomas 
M.  Drown;  Graphic  Method  of  Keeping  the 
Record  of  Working  of  a  Blast  Furnace,  by 
Wm.  Kent,  ME. 

The  papers  alone  extend  over  560  octavo 
pages.  Many  illustrations  are  interspersed, 
and  there  are  twelve  folding  plates. 

Color  Blindness;  Its  Dangers  and  its 
Detection.  By  B.  Jay  Jeffries,  A  M.> 
M.  D.  Boston  :  Houghton,  Osgood  &  Co. 
Price  $2.00. 

The  interest  in  the  subject  of  color  blindness 
is  becoming  wide-spread.  Positive  knowledge 
on  the  subject  of  this  peculiar  deficiency  of  vi- 
sion is  only  of  recent  date.  This  we  believe  is 
the  first  extended  treatise  on  the  subject,  and 
the  scientific  student  is  to  be  congratulated  that 
he  is  able  to  get  his  information  from  so  emin- 
ent an  authority. 

The  book  will  have  many  readers,  and  we 
venture  to  predict  that  those  who  care  nothing 
about  the  economical  aspect  of  the  question 
will  largely  outnumber  those  who  do.  There 
is  a  social  side  of  the  subject  that  will  engage 
the  attention  of  the  multitude.  Many  a  person 
who  is  of  defective  color-sight  will  afford  amuse- 
ment to  his  or  her  friends  by  hopelessly  at- 
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inferred  from  the  following 


tempting  to  assort  colors  in  accordance  with 
Prof.  Holmgren's  suggestions,  aided  by  the 
chart  which  is  carefully  printed  in  color  for  a 
frontispiece. 

The  typography  of  the  work  is  good,  but  any 
one  who  can  look  at  the  tri-colored  cover,  with- 
out wishing  for  the  moment  thai  he  was  par- 
tially color-blind,  should  regard  the  condition 
of  his  color-sense  with  some  uneasiness. 

A  Theoretical  and  Practical  Treatise 
on  the  Manufacture  of  Sulphuric 
A* m  and  Alkali.  Bv  George  Lunge,  Ph.D., 
F.C.S.  Vol.  I.  London:  John  Van  Voorst. 
Price  $14.00.     For  sale  by  D.  Van  Nostrand. 

Considering  that  this  book  is  devoted  to  a 
branch  of  technics,  the  elegance  of  its  typog- 
raphy  and  illustrations  is  altogether  exception- 
al. 

This  volume  (658  large  octavo  pages)  is  de- 
voted exclusively  to  the  manufacture  of  sul- 
phuric acid.  How  fully  the  theory  and  practice 
of  this  branch  of  technology  is  covered  by  the 
author  may  be 
titles  of  the  chapters 

Chapter  I,  Chemical  and  Physical  Properties 
of  the  Oxides  of  Sulphur  ;  II,  Analysis  of  Sul- 
phuric Acid;  III.  Historical  Notes  of  the  Manu- 
facture ;  IV,  The  Raw  Materials  ;  V,  Sulphuric 
Acid  from  Brimstone  ;  VI,  Sulphuric  Acid 
from  Pyrites  :  VII,  The  Burner  Gas  ;  VIII, 
The  Lead  Chambers  ;  IX,  Working  the 
Chambers  ;  X,  Recovering  the  Nitrogen  Com- 
pounds ;  XI,  Theory  of  the  Lead  Chamber 
Reactions  ;  XII,  Purification  of  the  Acid  ; 
XIII,  Concentration  of  the  Acid ;  XIV, 
Arrangement  of  the  Apparatus.  XV,  Yield 
and  Cost  of  Manufacture  :  XVI,  By-Products 
of  the  Manufacture  ;  XVII,  Fuming  Oil  Vit- 
riol and  Sulphuric  Anhydride  ;  XVIII,  Other 
Processes  of  Manufacture  ;  XIX,  Applications 
and  Statistics. 

A  Course  of  Instruction  in  the  Ele- 
ments of  the  Art  and  Science  of 
War.  By  J.  B.  Wheeler,  Prof,  of  Military 
Engineering  in  the  United  States  Military  Acad- 
emy, and  Brevet  Colonel,  United  States  Army. 
New  York  :  D.  Van  Nostrand.     Price  $1.75. 

Some  knowledge  of  Col.  Wheeler's  previous 
efforts  in  the  line  of  scientific  literary  labor  led 
us  to  expect  a  methodical  and  carefully  ar- 
ranged treatise,  and  as  complete  as  the  limit  of 
size  would  permit. 

A  brief  examination  of  the  book  leads  us  to 
conclude  that  this  expectation  is  fully  realized. 
The  plan  of  the  author,  as  set  forth  in  the  pre- 
face, is  thus  stated  : 

1 '  History  is  the  basis  upon  which  the  prin- 
ciples of  the  Science  of  War  is  founded. 

'  A  correct  knowledge  of  history  is  only  ac- 
quired by  systematic  and  methodical  study  ; 
the  study  of  that  part  relating  to  the  operations 
of  war  should  be  preceded  by  a  general  knowl- 
edge of  the  theory  of  war. 

"  The  design  of  this  book  is  to  give  instruc- 
tions in  the  elements  of  the  art  and  science  of 
war  to  the  cadets  of  the  United  States  Military 
Academy,  so  that  they, having  acquired  a  general 
knowledge  of  the  theory  of  war,  may  be  able 
to  prosecute  systematically  and  methodically 
their  future  studies  of  military  history. 


"  The  plan  of  the  book  required  brevity  and 
condensation.  The  constant  endeavor  has  been 
to  state  principles  and  rules  intelligently  and 
concisely  as  possible. 

"  It  may  be  objected  that  the  different  sub- 
jects discussed  are  too  cursorily  treated;  the  op- 
posite course  would  have  required  volumes. 

"The  portions  of  the  text  relating  to  the  grand 

operations  of  war  are  believed  to  be  in  conform- 
ity with  the  views  held  !>y  the  great  masters  of 
the  art,  and  are  drawn  from  the  writings  and 
expressed  opinions  of  Napoleon,  Arch  Duke 
Charles.  Frederic  the  Great,  and  others. 

"The  parts  relating  to  minor  operations  are 
drawn  from  many  professional  works  upon 
these  subjects  and  the  Army  Regulations  of 
1863." 

The  subjects  treated  by  chapters  are:  Chap. 
I,  Definition  of  the  Art  of  War  ;  II,  Strategy  ; 
III,  Plan  of  Campaign;  IV,  Composition  of  an 
Army;  V,  Marches;  VI,  Battles-  VII,  Positions; 
VIII,  Attack  of  Positions;  IX,  Defensive  Oper- 
ations; X.  Advanced  Guards  and  Outposts;  XI, 
Detachments,  Convoys,  etc. ;  XII,  Ambuscades 
and  Surprises;  Xllf,  Reconnoissances;  XIV, 
Foraging,  Partisans,  etc. ;  XV,  Camps,  Bi- 
vouacs, Cantonments,  etc. ;  XVI,  Modern  War- 
fare. 

Numerous  illustrations  are  interspersed 
throughout  the  text. 

/  Outlines  of  Field  Geology.  By  A. 
\_J  Geikie,  LL.D.,  F.R.S.,  &c.  London: 
Macmillan  &  Co. 

It  is  strange,  but  true,  that  although  amateur 
geologists  in  this  country  are  to  be  numbered 
by  thousands,  field  geologists  in  the  true  sense 
of  the  word  are  so  few  and  far  between,  that 
those  capable  of  making  a  fairly  accurate  geo- 
logical map  of  their  own  districts  could  prob- 
ably be  counted  on  the  fingers.  Nor,  unfortu- 
nately, is  this  lack  of  knowledge  confined  to 
amateurs,  for  more  than  one  professor  of  the 
science,  eminent  in  certain  branches,  could  be 
named  who  look  upon  the  published  maps  of  the 
Geological  Survey  as  beautiful  efforts  of  scien- 
tific imagination,  and-  upon  the  officers  of  the 
Survey  as — 

Gentlemen  of  science  who  ramble  round  at  ease, 
And  draw  their  pretty  sinuous  lines  wherever  they  may 
please. 

To  such  persons  it  seems  impossible  for  any- 
one to  follow  the  outcrop  of  a  bed  through  all 
its  changing  courses  across  wide  stretches  of 
country  in  which  pits  or  quarries — technically 
known  as  sections — are  rare  or  absent.  Geolog- 
ical maps  to  most  people  are  complicated  puz- 
zels;  but,  so  soon  as  their  significance  is  real- 
ized, they  become  most  valuable  aids  to  the 
comprehension  of  the  structure  of  a  country. 

With  the  assistance  of  the  beautiful  new 
Ordnance  maps,  on  the  scale  of  six  inches  to 
the  mile,  with  contours  drawn  at  frequent 
elevations,  upon  which  the  Geological  Survey 
has  recorded  its  work,  the  student  of  physical 
geography,  the  engineer,  and  others  can  obtain 
far  more  information  of  a  district  than  is  often 
to  be  acquired  from  literary  productions.  Nay, 
more,  a  geological  map  in  many  cases  illus- 
trates the  configuration  of  the  BUlface  with 
more  exactitude  than  most  maps  convey  by 
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means  of  shading.  The  general  idea  of  hill- 
ranges  and  mountain-chains  derived  from  the 
study  of  ordinary  maps  is  absolutely  erroneous. 
The  hideous,  crawling,  hairy  caterpillars  that 
do  duty  for  hill-shading,  have  to  answer  for 
much  of  the  ignorance  that  prevails  concerning 
the  physiography  of  the  world. 

The  best  way  of  getting  to  understand  geo- 
logical maps  is  to  learn  to  make  them;  and 
Professor  A.  Geikie's  little  work  is  an  admir- 
able guide  for  the  beginner.  Until  quite  re- 
cently no  work  upon  field  geology  has  been 
published  in  this  or  any  other  country.  Scat- 
tered notices,  chiefly  by  survey  officers,  had 
appeared,  and  two  years  ago,  Mr.  Penning,  of 
the  English  Survey,  published  an  excellent 
treatise  entitled  "Field  Geology."  To  this 
work  Professor  Geikie's  books  serves  in  some 
sense  as  an  introduction.  It  appeals,  as  must 
of  necessity  be  the  case,  to  those  who  have 
some  acquaintance  already  with  geology,  but  is 
so  simple  and  lucid  that  it  is  admirably  adapted 
to  the  wants  of  a  beginner.  Field  geology  can 
only  be  learnt  in  the  open  air,  and  as  in  most 
cases  teachers  have  but  meager  opportunities  of 
exercising  their  pupils  out  of  doors,  this  little 
work  will  teach  them  how  to  observe,  and 
enable  them  to  utilize  every  country  ramble  to 
the  utmost  advantage. 


MISCELLANEOUS. 

rpHE  Babydom  of  Machinery. — A  lecture 
J_  having  this  title  was  given  by  Professor 
Kennedy,  of  University  College,  at  the  rooms 
of  the  South  London  Free  Library,  Upper  Ken- 
nington  Lane,  to  an  audience  consisting  chiefly 
of  engineers.  Professor  Kennedy  described 
the  fire  drill  (by  which  fire  can  be  obtained 
by  the  friction  of  two  pieces  of  hard  wood)  as 
probably  the  oldest  machine  known,  and  as 
being  still  in  use  in  some  parts  of  the  world. 
This  was  developed  into  a  boring  drill  by  the 
addition  of  strings  and  the  change  of  wood  for 
metal,  and  next  into  a  hand  lathe  with  a  bow 
handle.  The  potter's  wheel  was  said  to  be  the 
next  oldest  machine.  Continuous  rotation  was 
unknown  until  about  the  end  of  the  seventeenth 
century,  all  rotation  until  then  having  been 
to  and  fro.  The  first  known  instance  of  cir- 
cular rotation  was  a  water-wheel  used  in  Thibet 
to  turn  a  prayer-mill ;  though  it  was  also  used 
nearly  as  long  ago  in  Egypt  for  purposes  of  ir- 
rigation. The  corn  mill  also  is  very  ancient. 
The  use  of  the  lever  is  also  of  great  antiquity. 
The  lecture,  which  was  delivered  in  a  very 
genial  manner,  and  with  much  humor,  was  il- 
lustrated by  the  exhibition  of  some  yery  old 
books  of  machinery,  mostly  written  by  men  of 
theory  only,  and  they  were  examined  by  the 
audience  at  the  end  of  the  lecture  with  much 
interest. 

r  I  ^he  Belgian  Academy  of  Sciences  lately  re- 
_L  ceived  a  communication  from  M.  Spring 
descriptive  of  his  experiments  in  producing 
solid  bodies  from  their  powders  by  the  action 
of  powerful  pressure.  The  results  of  these  ex- 
periments, though  conducted  on  the  small  scale, 
are  both  instructive  and  suggestive  of  useful 
applications  in  the  arts.     The  apparatus  em- 


ployed for  the  purpose  was  simply  a  solid  steel 
prism,  having  a  cylindrical  hole  perforated  in 
the  direction  of  its  axis,  and  into  which  the 
pulverulent  substances  were  placed,  then  com- 
pressed, and  more  packed  in  by  means  of  a 
steel  stamper,  until  the  material  was  packed 
solidly  to  almost  the  level  of  the  surface,  and 
finally  subjected  to  a  gradually  increasing  pres- 
sure of  about  20,000  atmospheres  by  means  of 
a  screw.  The  substances  operated  upon  were 
respectively  saltpetre,  sawdust  of  poplar  wood, 
and  dry  dust  of  whetstone  and  of  chalk.  In 
the  first  two  cases  the  resulting  mass  was  per- 
fectly homogeneous  and  translucent,  like  por- 
celain, much  harder,  more  resistant  of  fracture, 
and  transparent  than  part  of  the  same  sub- 
stances obtained  by  fusion.  In  the  case  of  the 
sawdust,  a  block  was  obtained  harder  than  the 
wood  which  furnished  it ;  but  its  texture  was 
not  uniform.  It  exhibited  great  stength  in  the 
direction  of  the  line  of  pressure;  but  at  right 
angles  to  the  action  of  the  pressure  the  block 
could  easily  be  broken.  The  result  in  this  case, 
therefore,  appeared  to  be  the  production  of  a 
laminated  texture  at  right  angles  to  the  direc- 
tion of  the  compressing  force.  The  result  with 
the  whetstone  powder  was  unsatisfactory,  and 
also  with  the  dry  chalk-dust ;  but,  with  slightly 
moistened  chalk-powder,  a  mass  was  obtained 
so  firmly  compacted  that  it  could  not  be  de- 
tached from  the  apparatus. 

Plaster  of  Paris  has  formed  the  subject  of 
long-continued  studies  of  M.  Landrin. 
whose  conclusions  were  embodied  in  a  recent 
communication  to  the  Academie  des  Sciences, 
He  finds  that  the  more  or  less  rapid  setting  of 
the  plaster  is  due  to  the  mode  in  which  it  is 
burned.  Its  properties  are  very  different  when 
it  is  prepared  in  lumps  or  in  powder.  The 
former,  when  mixed  with  its  own  weight  of 
water,  sets  in  five  minutes;  while  the  latter 
under  similar  conditions,  takes  twenty.  The 
reason  probably  is,  that  plaster  in  powder  is 
more  easily  burned  than  when  it  is  in  lumps, 
and  what  tends  to  prove  that  fact  is,  that  when 
the  latter  is  exposed  longer  than  usual  to  the 
action  of  fire  it  sets  more  slowly.  Gypsum, 
when  prepared  at  a  high  temperature,  loses 
more  and  more  its  affinity  for  water,  retaining, 
however,  its  property  Of  absorbing  its  water  of 
crystallization.  Plaster  heated  to  the  red,  and 
mixed  in  the  ordinary  manner,  will  no  longer 
set;  but  if,  instead  of  applying  the  ordinary 
quantity  of  liquid,  the  smallest  possible  portion 
is  used,  say  one-third  of  its  weight,  it  will  set 
in  10  or  12  hours,  and  then  it  is  less  porous  and 
becomes  extremely  hard.  To  prepare  plaster  for 
mplding  it  must  be  burned  slowly  for  a  long 
time,  sufficiently  to  drive  off  all  its  water,  and 
for  its  molecules  to  lose  a  part  of  their  affinity 
for  the  liquid.  M.  Landrin  stated  that  a 
similar,  result  could  be  obtained  by  other 
means.  If  the  plaster  is  exposed  to  the  fire  of 
the  kiln  for  a  time  short  enough  to  allow  it  to 
retain  7  or  8  per  cent,  of  its  water,  it  is  useless, 
as  it  sets  almost  immediately.  If,  however,  the 
burning  is  again  resumed,  the  substance  soon 
loses  its  moisture,  and,  if  then  exposed  to  the 
air,  it  very  rapidly  retakes  its  water  of  crystal- 
lization, and   then  absorption  continues  more 
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owly.     It  can  then  be  used ;    it  seta  -lowly, 
but  acquire-  meat  hardness. 

American  Competition.— From  the  report 
by  Consul-Qenera]  Cowper  on  the  trade 
of  Cuba  for  the  financial  Near  1877-78  we  ex- 
tract the  following  with  reference  to  American 

competition  with  our  manufacturers.  When 
the  contest  for  international  trade  is  so  keen,  it 
is  necessary  thai  we  should  seek  to  ascertain 
what  our  shortcomings  arc,  and  strive  earnestly 
to  remedy  them: — The  English  (says  Mr.  Cow- 
per) are  becoming  less  and  less  in  the  commerce 
of  Cuba  each  year,  and  the  United  States  more 
and  more  so.  Machinery  and  hardware,  in 
which  we  were  once  unapproachable,  are  falling 
into  the  hands  of  our  rivals,  the  only  remnant 
being  a  limited  import  of  cutlery  and  large 
pieces  of  machinery,  such  as  steam  ploughs, 
sugar  engines,  etc. ;  but  even  these,  from  va- 
rious causes,  are  now  coming  from  other  coun- 
tries, notably  the  beautiful  machinery  from 
France,  such  as  centrifugal  machines,  vacuum 
pans  aad  those  connected"  with  distilling.  One 
of  the  largest  imports  from  England  was  the 
large  cane  knife  or  machete  ;  some  of  these  are 
still  imported  from  England,  but  the  fact  can- 
not be,  and  is  not,  disguised  from  the  buyers, 
that  these  knives  are  inferior  to  those  made  in 
the  United  States  and  in  Germany  at  equal 
prices,  the  only  advantage  possessed  by  the 
English  article  is  superiority  of  polish;  hence 
the  increase  of  the  import  from  England.  Take 
the  English  plough;  it  has  no  chance  against 
the  American ;  for  not  only  is  the  latter  one-third 
cheaper,  but  the  American  manufacturer  makes 
a  study  of  the  island  of  Cuba,  and  his  plough 
is  consequently  perfectly  adapted  to  its  require- 
ments. So  with  heavy  machinery  on  sugar 
estates;  the  planters  find  that,  as  a  matter  of 
course,  an  article  whose  prime  cost  is  less,  which 
has  less  freight  to  pay,  and  which  is  made  ex- 
pressly to  suit  the  island,  is  preferable  to  the 
English  one,  which  does  not  possess  these  ad- 
vantages. In  railway  plant  also  the  Americans 
are  beating  us,  for  the  same  objection  is  raised 
to  the  English  manufacturers;  rails,  for  in- 
stance, of  the  section  required  here,  have  to  be 
rolled  expressly  in  England,  so  that  the  pur- 
chaser has  to  give  his  orders  four  months  in 
advance,  whereas  in  the  United  States  he  finds 
his  rails  ready  for  immediate  shipment,  and 
cheaper  into  the  bargain. 

ASPHALT  A>TD  T EMBER  FLOORS. — A  CUrioUS 
method  of  la}  ing  down  floors  has  been 
adopted  in  France,  and  is  said  to  have  obtained 
a  wide  application.  It  consists  in  putting  down 
flooring,  not  as  hitherto,  on  joists,  but  in  em- 
bedding the  boarding  in  asphalt.  The  new 
floors  are  used  mostly  for  ground  stories  of  bar- 
racks and  hospitals,  as  well  as  churches  and 
courts  of  law.  Pieces  of  oak,  usually  2$  to  4 
inches  broad,  12  to  30  inches  long,  and  1  inch 
thick,  are  pressed  down  into  a  layer  of  hot 
asphalt  not  quite  half  an  inch  thick  in  the  well- 
known  herring-bone  pattern.  To  insure  a  com- 
plete adhesion  of  the  wood  to  the  asphalt  and 
obtain  the  smallest  possible  joints,  the  edges  of 
the  pieces  of  wood  are  planed  down,  beveling 
towards  the  bottom,  so  that  their  crosss*ection  , 


becomes  wedge-like.      Nails,  of  course,  are  not 

necessary,  and  a  perfect  level  surface  may  be 
given  to  the  flooring  by  planing  after  the  Laying 

down.  The  advantages  of  this  flooring,  Which 
Only  requires  an  even  bed  on  which  to  rest,  are 
said  to   be  the  follow  ing: — 

1.  Damp  from  below  and  its  consequence, 
rot.  are  prevented. 

'J.  Floors  may  be  cleaned  quickly  and  with 
the  least  amount  of  water,  Insuring  rapid  dry- 
ing. 

3.  Vermin  cannot  accumulate  in  the  joints. 

4.  Unhealthy  exhalations  from  the  soil  (.:,n. 
not  penetrate  into  living-rooms.  Asphalt  being 
impermeable  to  damp,  rooms  become  perfectly 
healthy  even  if  they  are  not  vaulted  underneath. 
In  buildings  with  several  stories,  as  in  hospitals', 
the  vitiated  air  of  the  lower  rooms  cannot  as- 
cend, an  object  which  it  has  hitherto  not  been 
possible  to  attain  by  any  other  means. 

5.  The  layer  of  asphalt  will  also  prevent  the 
spreading  of  fire  from  one  floor  to  another  in 
case  of  conflagration.  The  flooring  here  de- 
scribed has  been  laid  in  the  numerous  case- 
ments of  the  newly-constructed  forts  round 
Metz,  to  the  satisfaction  of  the  authorities. 
Tke  cost  is  about  a  shilling  per  square  foot] 
This  estimate,  somewhat  high,  would  be  much 
lower  in  districts  where  oak  and  labor  are 
cheaper,  and  the  distance  from  the  places  of 
construction  less,  and  especially  where  there  is 
more  competition  among  contractors  than  at 
Metz ;  and  the  cost  for  larger  undertakings  may 
be  reduced  to  eight  shillings  per  square  meter. 

Mde  Chancourtois,  Prof  essor  of  Geology 
.  at  the  School  of  Mines  in  Paris,  lias 
been  making  some  experiments  bearing  upon 
the  mechanism  of  production  of  mountain  elev- 
ations and  of  valleys,  in  accordance  with  the 
modern  theory,  as  to  the  cause  of  the  forma- 
tions by  crumplings  in  the  crust  of  the  globe 
while  in  a  soft  and  plastic  condition.  M.  de 
Chancourtois  represents  the  globe  by  an  india- 
rubber  ball,  which  takes  the  place  of  the  terres- 
trial nucleus  in  fusion,  destined  to  contract  on 
cooling,  and,  by  its  shrinking,  to  produce  on 
the  surface  the  elevations  and  depressions 
which  constitute  the  mountains  and  valleys  of 
the  existing  earth.  That  sphere  is  fitted  at  one 
part  with  a  copper  tube,  provided  with  a  stop- 
cock, through  which  the  ball  is  inflated.  It  is 
then  dipped  in  a  bath  of  melted  wax,  and  when 
that  has  partially  set,  a  small  portion  of  the  air 
is  allowed  to  escape  by  the  tap.  The  surface  of 
the  sphere  then  contracts  slightly  and  sinks  in 
portions,  wrinkling  the  wax.  When  a  little 
more  air  is  allowed  to  escape,  those  slight 
wrinkles  become  more  distinct  and  form  ridges 
and  hollows,  precisely  analogous  to  the  ranges 
of  hills  and  valleys  on  the  face  of  our  planet. 
Their  relief  is,  relatively,  twenty  or  thirty  times 
as  great  as  those  of  the  highest  mountains  on 
the  earth.  That  difference  must  be  attributed 
to  the  fact  that  the  contraction  of  the  india- 
rubber  ball  is  much  greater  than  the  shrinking  of 
the  fluid  nucleus  necessary  to  determine  a  cri- 
sis of  risings  on  the  globe.  Less  evident  effects 
could  easily  be  produced,  but  they  must  alwa 
be  exaggerated  on  a  small  sphere  where  the 
highest  mountains  of  the  earth  are  only  repre- 
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sented  by  projections  not  exceeding  one-tenth 
of  a  millimetre.  M.  de  Ohancourtois  lately 
presented  to  the  Academy  of  Sciences  two  of 
these  balls,  one  in  the  first  stage  of  operation, 
and  the  other  in  the  second  or  final  one,  and 
they  excited  great  interest  among  the  savans. 

Reynier's  Electric  Lamp. — In  reference  to 
this  lamp,  M.  de  Parville  makes  the  fol- 
lowing observations  in  the  Bulletin  Francais : — 
"With  four  Bunsen  elements  we  have  just 
seen  a  very  pretty  electric  light  produced.  The 
elements,  which  can  be  charged  in  five  minutes, 
may  be  stowed  away  in  a  corner,  in  the  cellar, 
&c. ,  and  one  may  be  certain  of  having,  during 
three  or  four  hours,  a  splendid,  vivid,  and  at 
the  same  time — if  it  be  sifted  through  a  suitable 
globe— a  soft  and  rosy  light.  This  is  evidently 
an  important  step  taken  in  the  difficult  problem 
of  the  electrical  illumination  of  apartments  and 
small  workshops."  Let  us  give  a  brief  descrip- 
tion of  the  new  system:  "When  a  platinum 
wire  is  interposed  in  the  circuit  of  a  battery,  it 
may  be  sufficiently  heated  to  emit  a  white  light. 
If  the  wire  be  replaced  by  a  thin  rod  of 
gas  carbon,  this  also  may  be  heated  so  as  to 
produce  a  dazzling  light.  Such  is  the  princi- 
ple of  the  electric  lamps  acting  by  incandes- 
cence, of  which  various  forms,  more  or  less 
practical,  were  shown  in  Paris  some  years  ago. 
A  young  electrical  engineer,  M.  Reynier,  has 
hit  upon  the  idea  of  dispensing  with  all  these 
complications,  and  of  simply  allowing  the  car- 
bon to  be  consumed.  The  carbon,  raised  to  a 
red-white  heat  by  the  electric  current,  is  con- 
sumed by  oxidation  like  the  wick  of  a  lamp ; 
but  its  cost  is  not  so  great  as  to  prevent  its  be- 
ing replaced  in  the  same  manner.  Thus  is  ob- 
tained an  extremely  simple  electric  lamp,  which 
is  managed  with  the  same  facility  as  an  ordinary 
lamp.  If  much  light  is  required  the  wick  is 
turned  up,  i.  e.,  the  heated  portion  of  carbon 
rod  is  augmented;  if  less  light  is  needed, 
the  wick  is  turned  down.  If  the  lamp  is  to 
be  extinguished,  the  circuit  is  broken;  if  it  is 
to  be  re-lit,  a  knob  is  turned,  and  the  light 
flashes  forth.  Nothing  can  be  simpler.  The 
system  is  quite  elementary.  A  rod,  or  rather 
a  needle  of  carbon,  from  twenty  to  thirty  cen- 
timeters long,  and  from  one  to  two  millime- 
ters thick,  is  held  at  one  end  by  a  metal  rod, 
which  tends  to  descend  by  its  own  weight, 
and  at  the  other  by  a  carbon  wheel  in  a  ver- 
tical position.  The  carbon  rod  is  pressed 
strongly,  whatever  may  be  the  consumption 
of  the  material,  against  this  wheel,  which  is 
made  to  turn  slowly.  The  current  raises  the 
carbon  to  a  white  heat  at  the  point  of  contact 
of  the  extremity  of  the  rod  with  the  carbon 
wheel.  The  expenditure  for  charcoal  is  about 
10  centimes  per  hour.  Thus,  a  rod  costing  30 
centimes  (3d.)  will  last  for  three  hours,  and 
without  any  magneto-machine,  or  steam  engine; 
but  with  a  little  battery  of  four  to  six  elements, 
anyone  can  have  the  electric  light  in  his  own 
home.  The  lamp  which  we  saw  in  action  is  to 
be  perfected  with  the  least  possible  delay. 

The  Strength  of  Different  Thicknesses 
of  Mortar  Joints. — In  No.  31  of  "Pro- 
fessional Papers  on  Indian  Engineering,"  edited 
by  Major  A.  M.   Brandreth,  R.  E.,  particulars 


are  given  of  some  experiments  made  at  Narora, 
Lo  ver  Ganges  Canal,  on  the  strength  of  differ- 
ent thicknesses  of  mortar  joints,  by  Lieut.  E. 
W.  Cress  well,  R.  E. 

The  different  thicknesses  of  mortar  joints  to 
be  tested  were  y1^  in.,  •£-  in.,  \  in.,  i  in.,  f  in. 
A  level  site  close  to  the  weir-sluices  was  selected 
(as  the  blocks  of  brickwork  were  afterwards  to 
be  put  into  the  talus  of  that  work),  and  five 
rows  of  brickwork  bars  built,  15  ft.  x  2  ft.  6 
in.  x  2  ft.  6  in.,  each  row  containing  ten  bars, 
and  numbered  A  to  E.  Mortar  joints  in  row 
A  were  all  TV  in. ,  in  row  B  \  in. ,  and  so  on,  in 
order  mentioned  above,  row  E  being  £  in.  The 
foundations  for  these  bars  were  made  I  ft.  deep. 
The  center  10  ft.  portion  of  the  foundations 
being  of  bricks  laid  in  mud,  the  end  2  ft.  6  in. 
portions  of  bricks  laid  in  mortar,  a  thin  layer  of 
mud  was  spread  over  the  whole  surface  of  the 
top  of  foundation,  so  that  there  might  be  no 
adhesion  whatever  between  the  superstructure 
and  the  foundations. 

The  bricks  were  sand-moulded  kiln-burnt, 
were  carefully  gauged  and  sorted,  so  that  each 
bar  might  be  built  with  the  required  joint,  and 
still  the  total  dimensions  of  bar  as  directed  be 
attained.  The  mortar  used  was  two  parts  steam 
ground  coal-burnt  kanker  lime  to  one  part  sand, 
mixed  with  water  in  a  country  bullock  •  'chakki. " 
The  joints  in  every  direction  were  carefully 
kept  of  the  required  thickness,  and  English 
bond  was  employed.  The  bars  were  all  com- 
pleted in  August,  1877. 

In  May  and  June,  1878,  the  brickwork  of  the 
central  10-ft.  portion  of  the  foundation  was 
removed,  and  the  bars  were  simply  supported 
at  both  ends  by  the  2  ft.  6  in.  pillars.  In  order 
to  break  the  bars  two  stone  slabs  2  ft.  6  in.  x 
6  in.  x  6  in.  were  placed  1  ft.  apart  on  the  top 
of  the  brick-work  and  equi  distant  from  the  cen- 
ter of  the  bar.  Across  these  24  ft.  rails  were  laid, 
and  over  these  other  rails,  till  the  load  caused 
the  bar  to  break  across.  The  line  of  rupture 
varied,  but  was  always  somewhere  between  the 
slabs  of  stone.  It  was  observed  that  the  aver- 
age breaking-weight  required  was  greatest  in 
the  row  C,  or  of  bars  with  £  in.  joint ;  this  ave- 
rage diminished  slightly  for  the  -J-  in.,  and  was 
less  again  for  the  T\  in.  joint.  The  thick  joints 
£  in  and  f  in.  gave  very  poor  results,  the  aver- 
age breaking- weight  being  about  two-thirds  of 
that  for  the  \  in.  joint.  The  bar  that  gave  the 
highest  result  was  No.  4  B  of  the  £  in.  joint. 
The  general  result  appears  to  be  that  \  in  joint 
makes  the  strongest  work,  and  should  be  em- 
ployed in  preference  to  the  finer  joints. 

We  may  add  to  the  foregoing  that  if  a  longer 
period  of  time  has  been  allowed  to  elapse  before 
the  trial,  the  \  in.  and  £  in.  joints  might  pos- 
sibly have  given  better  results. 

The  large  hydraulic  crane,  built  especially 
on  a  new  iron  pier  at  the  Woolwich  Ar- 
senal to  lift  the  80-ton  guns,  is  being  strength- 
ened to  lift  the  100-ton  guns  purchased  from 
Elswick.  The  frequency  with  which  heavy 
loads  are  dropped  at  Woolwich  through  the 
breaking  of  slings  and  other  such  lifting  gear, 
suggests  the  necessity  of  exercising  a  little  more 
care  in  the  selection  of  these,  and  the  mode  of, 
and  the  men  using  them. 
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THE  THEORY  OP  ICE  MACHINES. 

By  M.  LEDOUX,  Mining  Engineer. 
Translated  from  "Annales  des  Mines"  for  Van  Nostrand's  Magazine. 


I. 


Chapter  I. 

1 1.  It  has  long  been  known  that  air  is 
heated  or  cooled  when  compressed  or 
dilated. 

The  mechanical  theory  of  heat  defines 
the  conditions  under  which  this  heating 
or  cooling  is  effected,  and  shows  that 
these  effects  are  proportioned  to  the  ex- 
ternal work  performed  by  the  air,  with 
the  restriction  that  in  expanding  the  resist- 
ance overcome  by  the  gas  is  always 
equal  to  the  elastic  force  of  the  latter. 

If  t  and  t'  represent  successive  tempe- 
ratures of  a  unit  weight  of  a  permanent 
gas,  which  has  been  compressed  or  dila- 
ted under  conditions  above  stated  in 
producing  an  amount  of  work  (either  re- 
sistant or  motive)  equal  to  W,  we  shall 
have 

c 

A  being  the  reciprocal  of  the  mechan- 
ical equivalent  of  heat  =±l±  and  c  being 
the  specific  heat  of  the  gas  at  constant 
volume. 

In  a  saturated  vapor  a  part  of  the  ther- 
mal equivalent  of  the  external  work  is 
transformed  into  latent  heat;  the  other 
part  alone  becomes  sensible  under  the 
form  of  external  heat. 
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This  is  expressed  in  the  fundamental 
equation 

c1(t-t')  +  {xf>-x'f>')=A.\X 

in  which  ca  is  the  specific  heat  of  the  liq- 
uid, x  the  proportion  of  vapor  in  the 
unit  of  weight  of  mixture  of  liquid  and 
vapor,  p  the  latent  heat  of  the  vapor  and 
W  the  external  work  accomplished. 

We  see  from  these  equations  that  for 
the  same  quantity  of  heat  transformed 
into  work,  the  range  of  temperatures 
must  be  greater  with  a  gas  than  with 
saturated  vapors. 

§  2.  Whether  we  employ  a  permanent 
gas  or  a  vapor,  the  apparatus  designed 
for  the  refrigerating  effects  is  based  upon 
the  following  series  of  operations: 

Compress  the  gas  or  vapor  by  means 
of  some  external  force,  then  relieve  it  of 
its  heat  so  as  to  diminish  its  volume ;  next, 
cause  this  compressed  gas  or  vapor  to 
expand  so  as  to  produce  mechanical  work 
and  thus  lower  its  temperature.  The 
absorption  of  heat  at  this  stage  by  the 
gas,  in  resuming  its  original  condition, 
constitutes  the  refrigerating  effect  of  the 
apparatus. 

When  the  cooling  takes  place  at  con- 
stant pressure,  the  cycle  of  operations 
can  be  represented  by  the  diagram  Fig.  1 
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in  which  the  abscissas  represent  volumes, 
and  the  ordinates  pressures.    . 

The  gaseous  body  taken  at  the  press- 
ure P0  and  under  the  volume  V0  is  com- 
pressed to  the  tension  Px  and  the  volume 
Vr  It  is  then  cooled  under  constant 
pressure  so  that  the  volume  Y1  becomes 
V/,  then  it  is  allowed  to  expand,  the 
pressure  P2  becoming  P0  and  the  volume 
changing  from  V/  toV2.  Finally  it  is 
brought  to  the  original  volume  V0  by 
transferring  heat  to  it  under  constant 
pressure.  The  area  "VqVjV/V,  represents 
the  work  expended  and  the  lineV0V2  the 
refrigerating  effect  obtained. 

An  inspection  of  the  figure  shows  that 
a  refrigerating  machine  is  a  heat  engine 
reversed. 

If  instead  of  cooling  the  gas,  to  reduce 
it  from  the  volume  Y1  to  V/,  it  be  heat- 
ed so  as  to  assume  the  volume  V/' 
greater  than  Y1  an  amount  of  work  is 
obtained  which  is  represented  by  the 
vertically  shaded  area  V^/V/'V^  the 
heat  expended  is  represented  by  the 
length  V^/'. 

It  should  be  noticed  that  in  the  case 
of  a  permanent  gas,  the  changes  from 
volume  V  to  V,'  or  V/'  and  from  V2  or 
Va'  to  V0  are  accompanied  by  correspond- 
ing changes  in  temperature.  In  the 
case  of  a  condensable  vapor  these  changes 
are  effected  at  a  constant  temperature, 
the  addition  or  subtraction  of  heat  taking 
effect  in  an  evaporation  of  the  liquid  or 
a  condensation  of  the  vapor. 

§  3.  From  this  similarity  between  heat 
motors  and  freezing  machines  it  results 
that  all  the  equations  deduced  from  the 
mechanical  theory  of  heat  to  determine 
the  performance  of  the  first  apply  equally 
to  the  second. 

If  Qj  be  the  quantity  of  heat  taken 
from  or  added  to  a  given  mass,  of  com- 


pressed gas  or  vapor,  and  Q  the  quan- 
tity of  heat  necessary  to  subtract  from 
or  add  to  the  expanded  mass  in  order 
to  bring  it  to  its  initial  state,  T0  and 
Tx  the  absolute  temperatures  correspond- 
ing to  the  volumes  V0  and  Yl  and  W 
the  work,  either  active  or  resistant  devel- 
oped by  the  machine.  The  fundamental 
principle  of  the  mechanical  theory  of 
heafc,  if  the  gas  returns  exactly  to  its 
primitive  condition,  affords  the  equation, 

QX-Q=AW 

If  the  cycle  of  changes  is  the  so-called 
cycle  of  Carnot;  that  is  to  say,  if  the 
lines  V^,  V/V2,  and  V/'V/  are  adiaba- 
tic  curves ;  then  we  have 

Q=Q,__Q,-Q 

T0     T~T-T0 

The  quantity  of  work  developed  by  a 
heat  motor,  under  these  circumstances, 
is  for  each  heat  unit  or  calorie,  whatever 
the  intermediate  agent, 


W 

Qx: 


i 

:A" 


T. 


The  efficiency  depends  upon  the  dif- 
ference between  the  extremes  of  temper- 
ature. 

The  performance  of  a  refrigerating 
machine  depends  upon  the  ratio  between 
the  calories  eliminated  and  the  work 
expended  in  cooling. 

It  is  expressed  by 
Q 
W 
and  we  have 


Q 
W 


AQ 


=  A 


T. 


Q-Q     ~T-T0' 

This  result  is  independent  of  the  na- 
ture of  the  body  employed. 
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Unlike  the  heat  motors,  the  freezing 
machines  possess  the  greatest  efficiency 
when  the  range  of  temperatures  is  small, 
and  when  the  final  temperature  is  eleva- 
ted. 

In  a  freezing  machine  employing  a  va- 
por, T0  being  the  absolute  minimum  final 
temperature,  this  final  temperature  T2 
in  a  machine  employing  a  permanent  gas 
is  different  from  the  initial  temperature 
T0,  and  we  have, 

We  can  write  for  the  efficiency 

Q  T 

—  —  A  3 

W-ilT0-Ta 

Comparing  the  efficiencies  of  the  two 
machines  it  is  evident  that  the  perform- 
ance becomes  less  in  proportion  as  we 
obtain  lower  final  temperatures. 

Theoretically  there  is  no  advantage  in 
employing  a  gas  rather  than  a  vapor  in 
order  to  produce  cold  even  if  the  com- 
pression be  made  without  addition  or 
subtraction  of  heat. 

The  choice  of  the  intermediate  body 
would  be  determined  by  practical  consid- 
erations based  on  the  physical  character- 
istics of  the  body,  such  as  the  greater  or 
less  facility  for  manipulating  it;  the 
extreme  pressures  required  for  the  best 
effects,  etc. 

Air  offers  the  double  advantage  that 
it  is  everywhere  obtainable,  and  that  we 
can  vary  at  will  the  higher  pressures  in- 
dependent of  the  temperature  of  the 
refrigerant.  But  it  is  cumbersome,  and 
to  produce  a  given  useful  effect  the  appa- 
ratus must  be  of  large  dimensions. 

Liquids  on  the  other  hand  allow  the 
use  of  smaller  machines,  but  are  obtained 
only  at  a  greater  or  less  cost. 

Furthermore  the  maximum  pressure  is 
determined  beforehand  by  the  temperature 
of  the  refrigerant,  and  depending  on  the 
nature  of  the  volatile  liquid;  this  press- 
ure is  often  very  high. 

?  4.  The  foregoing  conclusions  are 
based  on  the  hypothesis  that  the  com- 
pression and  expansion  follow  the  adia- 
batic  lines  V0V,  and  V/Va,  that  is  to  say 
that  the  changes  of  volume  and  pressure 
follow  the  cycle  of  Carnot. 

This  hypothesis  is  realized  when  the 
cooling  is  accomplished  outside  of  the  | 


compression  cylinder  and  after  the  gas 
has  been  raised  to  the  pressure  P  . 

If  the  compression  be  effected  accord- 
ing to  some  cycle  different  from  Car- 
not's,  the  efficiency,  if  it  be  a  heat  motor, 
would  be  diminished,  but  in  a  freezing 
machine  it  would  be  greater  or  less,  de- 
pending upon  the  manner  in  which  the 
successive  operations  were  effected. 

Suppose  for  example  that  instead  of 
cooling,  the  gaseous  body  outside  the 
compression  cylinder,  it  be  done  during 
compression  within  the  cylinder  in  such 
a  manner  as  to  maintain  a  constant 
temperature.  This  hypothesis  would  be 
graphically  represented  in  Fig.  1  by  re- 
placing the  adiabatic  curve  V^  by  the 
isothermic  curve  V0V/.  The  work  of 
resistance  of  the  machine  would  then  be 
represented  by  the  curvilinear  triangle 
VoViVi'Va-  The  quantity  of  negative 
heat  produced  represented  by  the  line 
V0Va  remains  the  same.  The  efficiency 
of  the  freezing  machine  would  be  thus 
augmented  as  the  resistant  work  of  the 
motor  would  be  less  than  the  preceding 
case  for  the  same  quantity  of  negative 
heat  produced. 

The  cooling  of  vapors  during  com- 
pression is  not  readily  realized,  since  it 
is  effected  at  a  constant  temperature  and 
one  which  is  lower  than  the  refrigerant. 
It  is  realized  though  somewhat  incom- 
pletely in  the  case  of  permanent  gases 
since  their  temperature  during  compres- 
sion is  above  that  of  the  refrigerant. 

§  5.  The  efficiency  is  calculated  in  the 
following  manner. 

We  suppose  the  compression  to  be 
made  at  a  constant  temperature.  Then 
by  Marriotte's  Law  we  have  P^^P/V  . 

The  work  of  resistance  to  compression 
would  be 

W,  =  P.V..^=BT.^ 

V  1  V  1 

and  we  shall  have  as. in  the  preceding 
case. 

AWr  =  Q, 

R  is  a  constant,  uniform  for  the  air  at 
29.27  inches  and  a  unit  of  weight  is  sup- 
posed taken. 

The  gas  dilating  from  the  temperature 
T0  to  T2  without  gaining  or  losing  heat, 
we  shall  have  for  the  work  of  dilatation, 
inclusive  of  the  work  at  full  pressure 
during  introduction ; 
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AWw=&c(T0-Ta)=Q. 
The  performance  is  represented  by 

.    Q 


and  we  have 
Q 


Q-Q 


Wr-W, 


=A 


Q 


Q-Q 


*c(T.-Tf) 


We  have  also 


RT0£-^(T-T2) 


K 


k~k-V 


k  is  the  ratio  of  specific  heat  at  constant 
pressure  to  the  specific  heat  at  constant 
volume;  this  ratio  is   =1.41  and  is  the 
same  for  all  permanent  gases. 
It  follows  then 


Q 


T.-T. 


If  the  compression  follows  an  adiabatic 
curve,  we  shall  have  for  the  efficiency — 
calling  T1  the  absolute  final  temperature 
of  the  compression 


T. 


Q-Q     "1 

It  is  easy  to  show  that 

T.-T.orT.-jgi)"1 


T„-(T0-T2) 

k— 1 
f 


is  greater  than 

and  consequently  that  the  efficiency  in 
the  first  case  is  less  than  in  the  second. 

The  employment  of  air  presents  a  cer- 
tain theoretical  advantage  over  volatile 
liquids,  inasmuch  as  it  admits  of  cooling 
to  a  certain  extent  during  compression. 

We  will  now  examine  in  succession 
some  of  the  recently  invented  freezing 
machines  (machines  a  froid).  The  Air 
Machine  of  M.  Giffard;  the  Sulphurous 
Acid  Machine  of  M.  Pictet,  and  the  Am- 
monia Machine  of  M.  Carre. 


Chapter  II. 
giffard's  aie  machine. 

§  7.  This  machine  consists  of  a  single- 
acting  cylinder  A,  the  piston  of  which  is 
furnished  with  two  valves  opening  from 
without  inward.  This  cylinder  is  sur- 
rounded with  a  jacket  leaving  a  space 
within  which  circulates  a  current  of  cold 
water. 

There  is  a  second  cylinder,  B,  also 
single-acting,  and  having  a  solid  piston, 
and  with  a  diameter  a  little  smaller  than 
the  first.  At  the  bottom  of  this  cylinder 
are  two  openings  closed  by  valves,  open- 
ing, one  outward  and  the  other  inward, 
and  operated  by  levers  which  are  worked 
by  cams  on  the  driving  shaft. 

The  pistons  are  driven  by  crank  con- 
nections with  the  main  shaft. 

The  condenser  R  is  a  surface  condenser 
and  receives  a  current  of  cold  water  from 
the  envelope  of  the  compressor  cylinder 
A.  A  Reservoir  of  wrought  iron,  R',  is 
connected  with  the  condenser  by  a  tube 
and  communicates  also  with  the  bottom 
of  the  expansion  cylinder  B. 

§  8.  The  air  taken  in  at  ordinary  press- 
ure is  compressed  in  the  cylinder  A  till 
it  has  the  density  of  that  in  the  reservoir ; 
it  is  then  allowed  to  flow  into  the  con- 
denser R  and  the  reservoir  R'.  During 
this  passage  it  loses  a  great  part  of  the 
sensible  heat  which  it  attains  during 
compression,  and  is  brought  nearly  to  the 
temperature  of  the  surrounding  air. 

During  this  time  the  valve  s  of  the 
cylinder  B  opens  and  permits  a  certain 
amount  of  air  equal  in  weight  to  that 
which  is  expelled  from  A,  to  pass  from 
the  reservoir  into  the  cylinder  producing 
a  certain  amount  of  work.  Then  the 
valve  5  closes, — the  air  in  the  cylinder  B 
expands  producing  again  work  which  may 
be  deducted  from  the  work  of  compression 
and  the  temperature  is  lowered*  When 
the  piston  B  reaches  the  upper  limit  of 
its  stroke,  the  valve  s'  opens  and  the 
cooled  air  as  the  piston  descends  escapes 
by  the  tube  T. 

The  cooling  experienced  by  the  air, 
during  compression,  by  contact  with  the 
cooled  sides  of  the  cylinder  is  scarcely 
sensible. 

The  machine  therefore  acts  under  con- 
ditions set  forth  in  §  2  and  we  know  that 
its  useful  effect  cannot  exceed  the  value 
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r 


n  Fjg'2 


A 


T -T 


or     A 


T„ 


T  .— T. 


By  means  of  the  adjustable  cams  we 
can  regulate  at  will  the  action  of  the 
valves  s  and  s'.  If  we  shorten  the  time 
of  admission  into  the  cylinder  B,  the 
pressure  will  increase  in  the  reservoir; 
for  the  amount  flowing  into  B  should  be 
equal  to  that  forced  into  the  reservoir 
from  A.  The  temperature  of  the  air  ex- 
pelled will  then  be  less.  If,  on  the  con- 
trary, we  increase  the  time  of  admission 
the  reservoir  pressure  will  diminish,  and 
the  temperature  of  outflowing  air  will  be 
increased. 

The  apparatus  presents  then  this  im- 
portant peculiarity — that  we  can  vary  the 
useful  effect  of  the  machine  at  will, 
through  wide  limits. 

As  the  air  leaves  B,  at  the  pressure  of 
the  atmosphere,  the  minimum  limit  of 
pressure  is  established,  below  which  the 
expansion  cannot  be  pushed,  and  which 
is  controlled  by  the  relative  dimensions 
of  the  two  cylinders. 

"We  will  proceed  to  calculate  the  cool- 
ing effect  produced  by  this  machine  and 
the  corresponding  work  required.  We 
shall  neglect  at  first  the  effect  of  waste 
spaces  in  the  machine,  and  of  watery 
vapor  in  the  air. 

§  9.  Let  P0,  t0  and  T0  be  the  pressure  and 
temperature  (counted  from 
absolute  zero)  of  the  air. 

V0  the  volume  described  by  the 
piston  A. 

V,  the  volume  of  air  when   at 
pressure  P:. 


P.,*. 


Vj  is  then  the  volume  described 
by  the  piston  during  the  out- 
flow. 

m= weight  of  air  whose  volume 
passes  from  V0  to  V,. 

P1?  t1  and  Tj  the  pressure  and 
temperature  of  compressed 
air  delivered  from  A. 

V/  tx'  and  T/  the  volume  and 
temperature  after  passing  into 
the  condenser. 

V2  the  total  volume  described 
by  piston  B. 

and  T2  the  pressure  and 
temperature  of  the  air  at  the 
end  of  the  course  of  this 
piston. 

During  compression  the  cooling  by 
simple  contact  with  the  sides  of  the  cylin- 
der is  insignificant.  We  shall  neglect 
this  and  also  assume  that  no  heat  is  receiv- 
ed from  the  sides  of  the  cylinder  B. 

first    period:    compression. 

§  10.  When  air  is  compressed  without 
losing  or  gaining  heat,  the  pressure  and 
temperature  at  each  instant  bear  the  re- 
lation to  each  other  expressed  by  the 
equation 

P.V.*  =  P.V.*  (1) 

in  which  k  is  the  ratio  of  specific  heat  of 
constant  pressure  to  the  specific  heat  of 
constant  volume. 


k= 


0.23751 


1.41 


0.16844 
Gay  Lussac's  law  affords, 
P„V  =RmT„ 


(2) 
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and  P1V1=EmT1 

From  equations  1  2  and  3  we  deduce 


k— 1 


T,     VV./ 


(3) 

(4) 
(5) 


The  work  of  the  resistance  to  compression 
and  outflow  is 

Wr  = -^(P.V -P0V0).  (6) 


We  have  elsewhere 
k 


The  resistances  to  be  overcome  by  exter- 
nal force  amount  to 


Wr-Wm=^[(Tr- 


,T/)-(T0-Ta)].(16) 


\ 


he 


c  being  the  specific  heat  of  air  of  con- 
stant volume. 

Equation  (6)  then  becomes 


Wr  =^(T,-T0). 


(7) 


second   peeiod:    cooling. 

The  air  is  cooled  in  the  condenser 
under  constant  pressure.  The  volume 
changes  from  V,  to  V/,  and  the  temper- 
ature from  t,  to  t'. 


we  have; 


T  ' 

vi  —  v  rj\ 


(8) 


and 


(17) 


(18) 


and  the  quantity  of  heat  imparted  to  the 
water  of  the  condenser  is ; 


Q=mkc(T-Txf) 
If  T/=T0  then  Kx=AWr 

THIRD    PERIOD;     EXPANSION. 


(9) 


The  volume  V/  of  air  enters  the  cylin- 
der B  yielding  an  amount  of  work  equal 
to  P/V,'.  It  expands  from  V/  to  V2  with- 
out gain  or  loss  of  heat.     We  have  then : 


PJ/^KmT/, 
P„V  „=KmT„ 


*— l 


(10) 

(11) 

(12) 


whence 


TB 


=T/gs)  *  •        (13) 


If  the  machine  works  properly,  the  final 
pressure  P2  should  be  equal  to  the  at- 
mospheric pressure. 

The  equations  (10)  (12)  and  (13)  give 

V  V 

T  2      T   0 

Y'~~V 

*  i        *  i 

or 

V  T  ' 

*  2    i 

V.-T, 

TL_T2 
T  '  —  T 

1  1 

Equation  (17)  expresses  the  ratio  which 
should  exist  between  the  volumes  of  the 
two  cylinders,  in  order  that  the  air  be  finally 
expelled  at  atmospheric  pressure,  after 
having  been  compressed  by  a  force  P^ 

The  negative  heat  (cooling),  produced 
by  the  apparatus,  is  the  quantity  of 
heat  necessary  to  restore  the  air  from 
the  temperature  t^  to  the  temperature  t0, 
under  constant  pressure. 

Q=»«Ac(T,-Ta)       "1 
«  Q=^cT„(l-|)j  <19> 

§  11.  Since  a  given  weight  of  air  is  re- 
stored, at  the  end  of  the  operation,  to  the 
same  temperature  and  pressure  it  had  at 
the  beginning  it  follows,  that  it  has  been 
through  a  perfect  cycle  and  we  have  from 
the  mechanical  theory  of  heat; 

Q1=A(Wr-Wm)+Q 

The  theoretical  performance  of  the 
machine  is,  calling  it  u, 

Q  ,  T.-T. 

— A.  i 


u= 


yvr  -wm 

u= A. 


■(T-T^-cr.-Tj 


T.-T' 


'-1 


The  work  performed  by  the  air  is 

W.=jii(P,V.'-l?.YJ        (14) 

Wm=-r(T1'-TJ  (15) 


X  — T 

and  as  we  have  from  equation  (18) 

-Li  l   l   i 

T„  ~~  T 


T  — T 

-*-o  1 

we  get  finally 
A. 


U: 


T. 


T, 


=A. 


T„ 


T.-T 


(20) 


a  result  already  found  in  §  3  by  suppos- 
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ing  T/  =  T0.     If  T^T,,  the  useful  effect 
is  diminished. 

The  efficiency  of  the  machine  will  be 
all  the  greater  as  T,  approaches  in  value 
to  T0 ;  that  is  to  say  as  it  is  urged  at  a 
lower  pressure  into  the  reservoir.  But 
as  we  lower  the  pressure  of  working,  the 
quantity  of  negative  heat  produced  dim- 
inishes also  and  becomes  nothing  when 

T  '  =  T  . 

i         r 

The  necessary  driving  power  Wr— W.,u 
which  we  proceed  to  calculate,  should  be 
augmented  by  the  passive  resistances. 

If  we  consider  the  refrigerating  ma- 
chine as  composed  of  two  distinct  ma- 
chines driven  by  the  same  shaft,  we  are 
led  to  consider  that  the  work  of  the  pass- 
ive resistances  is  proportional  not  to  the 
final  work  Wr— Wm  but  rather  to  the 


sum  of  the  work  developed  in  the  two 
cylinders  Wr  +  Ww.  Considering  the 
simplicity  of  the  machine,  the  small 
amount  of  friction,  and  the  absence  of  a 
stuffing  box,  we  can  admit  that  the  work 
of  the  passive  resistances  should  not  ex- 
ceed eight  per  cent  of  the  above  total 
work. 

The  resistance  of  the  machine  is  then 
1.08Wr-0.92WTO. 

The  following  table  gives  the  amount 
of  refrigeration  obtained,  and  the  work 
expended,  by  passing  a  cubic  meter  of 
dry  air  through  the  machine;  the  press- 
ures in  the  reservoir  varying  from  1 J  to 
4^  atmospheres.  The  temperature  of  the 
external  air  is  taken  at  15°  ;  the  temper- 
ature of  the  air  leaving  the  condenser  at 
18° ;  temperature  of  the  water  about  13° 
V0  =  l,  T0  =  288  and  wi  =  l*.266. 


t- 

No.  of  negative  calories  developed. 

^ 

Temperature  of  ai 
after  compression 

Temperature  of 
outflowing  air. 

Diminution 

obtained. 

Negative  calories 
obtained. 

Work  expended, 

theoretical 
kilogrammeters. 

t3 

-  <u 
o 

Pi 

(Atmospheres. 

Per 

kilogrammeter, 

theoretic. 

Per  horse  power 

per  hour, 

theoretical. 

Kilogrammeter 
really  expended. 

Per  horse  power 
per  hour. 

degrees 

degrees 

degrees     cal. 

cal. 

cal. 

cal. 

IK 

51,04 

—14,36 

29,36      8,548 

454,26 

1.070,5 

0,01882 

5.081,   4 

0,007985 

2.156 

2 

79,31 

—35,12 

50,12    14,591 

1.381,26 

2.481,6 

0,01056 

2-851,   2 

0,00588 

1.587 

2K 

102,93 

—49,55 

64,55    18,792 

2.515,64 

3.991,1 

0,00747 

2-016,   9 

0,00471 

1.281 

3 

123,39 

—62,58 

77,58    22,586 

3.556,3 

5.412,3 

0,00635 

1-714,   8 

0,00417 

1.126 

3K 

141,57 

—70,84 

85,84    24,991 

4.657,3 

6.724,2 

0,00537 

1.448,   8 

0,00372 

1.003 

4 

157,98 

—78,54 

93,54    27,232 

5.732,5 

8.097,0 

0,00475 

1.282,   6 

0,00336 

907 

4K 

173,00 

—85,09 

100,09    29,375 

6.778,0 

9.297,0 

0,00433 

1.170,   2 

0,00316 

853 

§  12.  An  examination  of  the  table  shows 
the  enormous  influence  that  the  passive 
resistances  exert  upon  the  efficiency  of 
air  machines.  It  is  one  of  the  conse- 
quences of  the  inherent  cumbrousness 
which  follows  from  the  use  of  this  body 
in  a  thermic  machine. 

The  useful  effect  produced  is  not  in- 
creased in  proportion  to  the  increase  of 
pressure.  It  is  of  no  advantage  to  em- 
ploy pressures  higher  than  about  4J  at- 
mospheres. Aside  from  the  diminution 
of  efficiency  of  the  air  at  high  pressures, 
a  loss  is  occasioned  by  heat  developed  in 
the  compressor,  and  which  extends  to 
other  working  parts  of  the  machine.  We 
have  said  above  that,  with  a  given  ma- 
chine we  can  vary  at  will  the  pressure  Px 


by  varying  the  length  of  time  of  the 
opening  of  the  admission  valve  in  the 
cylinder  B.  If  the  time  be  shortened 
the  pressure  and  the  cooling  effect  are 
both  increased;  and  if  the  time  be  in- 
creased Pj  is  diminished.  It  is  necessary 
that  we  should  vary  at  the  same  time  the 
working  of  the  emission  valve,  so  that  it 
opens  at  the  moment  when  the  piston 
shall  have  passed  through  a  space  equal 

T  ' 
toVo7=j!-corresponding  to  the  atmospheric 

pressure  on  the  inside  of  the  expansion 
cylinder. 

A  machine  whose  dimensions  and  veloc- 
ity are  such  that  it  uses  1000  cubic  meters 
of  air  per  hour  will  produce  from  8.548 
to  29.375  negative  calories  and  upwards 
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per    hour,    provided    that    the    driving 
power  varies  from  4  to  34  horse  power. 

Practically  however  the   efficiency  of 
air  machines  is  not  so  great  as  is  indica 
ted  by  the  above  table  as  no  account  has 
yet  been  taken  of  watery  vapor  in  the  air, 
nor  of  lost  spaces  in  the  machine. 

We  proceed  to  examine  the  influence 
of  these  two  causes  of  loss. 

INFLUENCE    OF    MOISTURE    IN     THE    AIR. 

§  13.  This  influence  is  not  to  be  neg- 
lected. The  vapor  contained  in  the  air 
condenser  on  the  sides  of  the  expansion 
cylinder,  and  parts  with  its  latent  heat 
of  vaporization  so  that  the  final  temper- 
ature of  the  air  is  higher  than  it  would 
have  been  if  dry. 

Furthermore  the  snow  produced  from 
this  moisture  accumulates  around  the 
orifice  of  cold  air  outlet  and  we  cannot 
readily  utilize  the  cold  which  is  required 
to  produce  it.  For  these  two  reasons, 
but  especially  for  the  latter,  the  moisture 
of  the  air  causes  a  notable  loss. 

We  proceed  to  calculate  the  volume 
and  the  temperature  of  the  air  at  the  end 
of  the  expansion  under  the  supposition 
of  a  known  hygrometric  state  of  the  at- 
mosphere, from  which  we  can  easily  de- 
duce by  the  tables  the  pressure  of  the 
vapor  p0  and  its  weight  ju^ 

In  the  compression  cylinder  of  watery 
vapour  not  being  near  the  saturation 
point,  and  exerting  a  feeble  pressure  will 
behave  nearly  as  a  perfect  gas;  its  vol- 
ume and  its  temperature  are  represented 
by  the  relations pvk= a  constant,  in  which 
k =1.41  and^v=RWT; 


R'= 


R 


0.622 


=47.061. 


The  total  pressure  of  air  and  vapor 
being  represented  by  P,  the  pressure  of 
the  vapor  beings,  that  of  the  air  alone  will 
be  P— p  and  we  shall  have  preserving 
our  former  notation : 


(P-i>„)V0=KmT„, 

CP.-iOV^RmT,, 
PlY=B'MlTt- 


(21) 
(22) 
(23) 
(24) 
(25) 
(26) 


}  (27) 


The  work  of  the  resistance  to  compress- 
ion is 


W,  =  ^(P^-P,V0) 

or    Wr=^(mc  +  /i1c')(T1-Tf) 

c'  is  the   specific  heat  under   constant 
volume  of  the  superheated  vapor 

c'= 0,3407. 
After  cooling  the  volume  becomes 

T'. 


V',=V, 


T, 


(28) 


and  we  have 

py'=K'vsT, 

From  equations  21  and  22  we  can  de- 
duce the  pressure  in  the  reservoir. 

We  can  determine  by  examining  a 
table  of  tensions  of  saturated  steam 
whether  the  pressure  p1  is  greater  or  less 
than  the  pressure  which  corresponds  to 
the  temperature  T/.  If  it  be  less  the 
air  will  not  be  saturated  with  vapor  when 
leaving  the  condenser,  and  the  heat  ab- 
sorbed by  the  latter  will  be : 

Q1=^(mc+^1c')(TI-T/) 

If  the  pressure  px  is  greater  than  the 
pressure  px',  corresponding  to  the  tem- 
perature T/  for  saturated  steam,  there 
will  be  a  condensation  of  some  of  the 
vapor  in  the  condenser ;  the  amount  con- 
densed will  be 

and  the  pressure  of  the  vapor  entering 
into  the  cylinder  B  will  be  p/,  that  of 
the  air  being  Vl—pxt. 
We  shall  have  also : 

Pi  P*  P! 

We  see  that  the  quantity  of  vapor  not 
condensed  by  the  cooling,  and  passing 
into  the  expansion  cylinder,  will  continu- 
ally diminish  in  proportion  as  the  work- 
ing pressure  is  raised.  The  influence  of 
the  humidity  in  the  air  will  therefore  be 
less  as  the  pressure  is  made  greater. 

The  weight  of  the  mixture  of  air  and 
vapor,  which  is  m  +  fjix  if  there  is  no  con- 
densation in  the  cooler  or  m  +  ^x/  if 
there  is  a  condensation,  is  carried  into 
the  cylinder  B  where  it  encounters  the 
surfaces  cooled  during  the  preceding 
stroke.  We  can  neglect  the  influence  of 
these  cold  surfaces  upon  the  air  alone, 
but  not  upon   the  mixture   of  air  and 
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vapor.    The  latter  is  converted  into  frost 

which  releases  a  certain  amount  of  heat 
to  be  imparted  to  the  metal,  and  which 
during  the  expansion  is  restored  to  the 
air. 

Suppose  at  first  that  there  is  no  con- 
densation in  the  cooler,  there  is  conveyed 
to  the  cylinder  a  weight  nx  of  saturated, 
or  nearly  saturated,  vapor  at  the  tem- 
perature T/.  We  may  assume,  consider- 
ing the  very  low  temperature  of  the  sur- 
faces, that  all  the  vapor  is  condensed 
here  ;  it  will  disengage  a  quantity  of  heat 
C,  which  is  approximately  equal  to 
/<,(/•/ +  79).  rx  being  the  latent  heat  of 
the  vapor  corresponding  to  the  tempera- 
ture tx,  79  is  the  latent  heat  of  water 
released  on  freezing. 

The  heat  C  is  gradually  restored  to  the 
air  during  expansion. 

The  pressure  of  the  air  becomes  P)5 
and  the  volume  introduced  into  the  cyl- 
inder is 

v,  -      p     . 

The  differential  equation  of  the  work  is 
c  e  dC 


=  -KmT 


dV 


t\  being  the  specific  heat  of  ice, =0,5 

/  c  n       \dT      dC  dY 

0r(AEm+AR^)T-AEf=-mT- 

We  do  not  know  the  law  of  relation 
between  C  and  Tl?  that  is,  how  to  com- 
municate to  the  air  the  heat  released  from 
the  water  and  ice  formed.  We  are  forced 
to  make  a  hypothesis  which  is  not  rigor- 
ously exact,  but  which  is  sufficiently  ap- 
proximate. 

We  will  suppose  that  the  transmission 
is  proportioned  to  the  fall  of  tempera- 
ture, and  therefore  that 


in  which 


dC=-MydT 
r/+  79 


r= 


T.'-T. 


whence  we  have 


1      /  x^T 

-^  (mc  +  ^c^  +  ^y)  —  =  - 


=  —  ?n 


V 


integrating  we  get 

Ai+       mc      r  T,~  V," 


c 
AR^ 


we  have  furthermore 

P0V,=RmT2, 

whence  T\  __  P,V/' 

T         PV  ' 

■*■  u  0        2 

Equation  29  can  then  be  written; 


k 


h( 


^^c.  +  ^.n.r.^.p, 


k  + 


//C 


)'V- 


(30) 


We  can  obtain  the  value  of  T2  by  suc- 
cessive approximations. 

An  approximate  value  for  T2  is  found 
to  be 


T. 

I 


mkc+^—V-^  }?\+Ml(r\+19) 


(k-l)?ncJV1 
mhc  +  /x1c1+   2 1— 

Suppose  now  that  condensation  occurs 
in  the  cooler,  we  find  by  the  tables  the 
pressure  of  px  of  saturated  vapor  of 
temperature  T/  and  we  can  deduce  the 
weight  of  the  vapor  condensed  in  the 
cooler. 

We  shall  have  then; 

0=/i1sb1'(/  +  79) 

and  v-x  '  ->'  +  79 

The  equations  29  and  30  apply  in  this 
case  as  in  the  preceding. 

The  quantity  of  disposable  negative 
heat  is ; 

Q=mkc(T-TJ  (31) 

since  we  suppose  the  negative  heat  of  the 
snow  formed  to  be  lost. 

Finally  the  work  produced  by  the 
expansion  is ; 

(T'-T2)-P0V2     (32) 

or     Wm=^C  +  ^(°1  +  r)(T/-T2)    (33) 

If  there  is  a  condensation  in  the  cooler, 
we  should  replace  jax  in  equations  32  and 
33  by  ^  xx. 

?  14.  The  following  table  gives  the 
cooling  and  general  effect  obtained  from 
a  cubic  meter  of  air  supposing  a  hygro- 
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No. 

of  negative  calories 

© 

S3        ^ 

3       o 

-  .r 

B  3 

© 
g 

OS 

X 

a 

- 

c 

■i 

M 

1-6 

-  ~ 

obfained. 

©  2 

Z        .2  s-           '-  Z 

©  c 

c3 

Tempera 

in 
compres 

Tempera 
of  expelle 

°    1 

1 

D 

- 
© 

© 

Sb 

© 

.it 

So 
8  3 

Effective 

expend 

Per 

kilogrammel 
theoretic. 

♦a    ©      . 

S  £  b 

?  5  3 

„  — .  — 

-    X    - 

b  Si  8 

II 

5=  | 

-  a 

«  a 

M 

Per  eifectiv 
horse  powe 

i'ii 

=£  —    X 

degrees 

degrees 

degrees 

cal. 

cal. 

cal. 

cal. 

cal 

V/2       51,04 

—  0,43 

15,43 

4,455 

291       981 

0,01531 

4.134    0,00454 

1.2*6    0,00626 

2          79,31 

—21,70 

36,70 

10,600 

1.257    2.429 

0,00843 

2.276 

0,00436 

1.177    0,00626 

23^     102,93 

—37,25 

52,25 

15,090 

2.286    3.843 

0,00660 

1.785 

0,00393 

1.061    0,00615 

3        123,39 

—50,80 

65,80 

18,997 

3.486    5.354 

0,00545 

1.472 

0,00355 

959    0,00504 

.  SH 

141,57 

—61,53 

76,53 

22,095 

4.592    6.730 

0,00481 

1.299    0,00328 

886    0,00439 

4 

157,98 

—70,58 

85,58 

24,710 

5.674    8.050 

0,00435 

1.176    0,00307 

829    0,00384 

4^ 

173,00 

—78,26 

93,26 

26.928 

6.714    9.304 

I 

0,00409 

1.104    0.00290 

783  ,  0,00342 

1 

metric  state  of  \  and  a  temperature  of  15". 
The  weight  of  the  air  is  then  L*  2157 
instead  of  1.*  226  which  is  the  weight  of 
dry  air  at  this  temperature. 

"We  have  also  p0=Ho.k  8  and  /*,== 
0.*  00626. 

In  comparing  this  table  with  the  table 
of  5  11  we  see  that  the  influence  of  the 
humidity  of  the  air  upon  the  results 
obtained  is  the  greater  when  the  press- 
ure is  low.  "We  have  made  a  similar 
remark  in  reference  to  the  passive  resist  - 
ances.  The  theoretical  advantage  there- 
fore of  low  pressures  is  practically  much 
diminished  by  these  causes  of  loss. 

It  is  possible  to  neutralize  almost  com- 
pletely the  influence  of  moisture  in  the 
air.  To  accomplish  this  it  would  suffice 
to  employ  the  air  after  it  had  produced 
its  cooling  effect  and  had  parted  with  its 
moisture.  It  would  be  necessary  to 
make  the  refrigerating  machine  a  closed 
machine,  making  the  same  quantity  of 
air  serve  indefinitely.  The  cooling 
would  be  produced  by  causing  the 
cooled  air  to  pass  through  an  apparatus 
surrounded  by  some  liquid  not  easily 
frozen,  such  as  a  solution  of  calcium  or 
magnesium  chloride.  A  part  of  the  neg- 
ative calories  would  thus  be  used,  as  well 
as  by  direct  contact,  and  so  many  as  are 
not  used  would  not  be  lost,  as  the  air 
passes  directly  to  the  compressor  A,  not 
at  15°  as  before,  but  a  —  Sz  or— 10"'  of 
temperature.  We  think  that  it  is  only  in 
this  way  that  we  can  improve  the  air 
machine  so  that  it  can  compare  favorably 
with  the  machines  using  a  liquefrable 
gas. 


(34) 
(35) 
(36) 
(37) 


INFLUENCE    OF    WASTE    SPACES. 

?  15.  We  will  suppose  the  air  to  be 
dry  in  order  to  avoid  complexity  in  our 
calculations. 

Preserving  our  previous  notation  and 
calling  v  the  amount  of  useless  space  in 
the  compression  cylinder,  and  v  that  of 
the  expansion  cylinder;  /a  the  weight  of 
air  enclosed  in  the  space  v  at  the  end  of 
the  compression,  we  have; 

P.(V.+*yi=P1(V»+«)» 

P.(V.+w)=B(m+^)T- 

PsVb=BmJT, 

Pff^B/ff, 

m  being  the  weight  of  dry  air  driven  out 
of  the  compressor. 

Equations  (34),  (35),  (36)  and  (37)  give 
by  elimination  of  ju 

T  =T  (Til!!)*-1 

fc-1 

and  T,=T.(£)* 

The  work  of  resistance  to  compression, 
taking  account  of  the  work  restored  to 
the  piston  as  it  begins  to  ascend,  by  the 
air  in  the  waste  space,  expanding  from 
P.toP^is; 

wr=A(P,v-P.vj 


(38) 


(39) 


lc-1 


For  the  cooling  period; 


\,  +  v 


V.'  =  V 


T 

T~ 


(40) 
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and 


P.V'.=R»iT,' 


(42) 


The  heat  Q,  absorbed  by  the  water  of 
the  condenser  is ; 

Q,=»^r(T-T,')  (43) 

Period  of  Expansion. — The  air  corning 
from  the  reservoir  R'  under  pressure  Pt 
and  the  temperature  P,\  should  at  the 
moment  of  opening  of  the  inlet  valve 
cause  the  air  in  the  waste  space  and 
whose  volume  is  v\  to  change  its  press- 
ure from  P,  to  Pr  This  influences  the 
temperature  T/'  of  the  mixture,  also  the 
weight  m!  of  the  air  which  passes  from 
the  reservoir  into  the  waste  space. 

The  dimensions  of  the  reservoir  being 
very  large  in  comparison  to  the  waste 
spaces,  we  may  assume  that  no  change 
occurs  either  in  temperature  or  pressure 
of  the  reservoir,  while  the  waste  spaces 
are  filled  with  air  at  the  pressure  Pr 

Calling  /i'  the  weight  of  the  air  en- 
closed in  the  waste  space  at  the  moment 
that  the  inlet  valve  opens.     We  have ; 

P.«'=B^T,i  (44) 

Ta  being  the  final  temperature  of  the 
expanded  air. 

The  stored  up  work  of  this  air  is ; 

The  weight  m'  of  air  filling  the  waste 
space,  and  having  a  temperature  T/  and 
a   pressure   P,   has  a  stored   energy   of 

After  the  waste  space  is  filled,  the 
stored  up  energy  of  the  total  quantity  of 
air  m'  4-  p!  contained  there  is 

and  we  have  furthermore ; 

Py=R(m'  +  //)T/'. 

As  we  suppose  there  is  neither  loss  nor 
gain  of  heat  from  the  exterior,  the  differ- 
ence between  the  stored  energy  of  the 
mixture  after  the  mass  m'  is  introduced, 
and  the  sum  of  the  stored  energies  of 
the  masses  m!  and  it'  before  mixing  is 
equal  to  the  external  work  performed. 

This  exterior  work  is  evidently  Y  x  vx\ 
and  calling  the  volume  of  m'  before  its 
introduction  into  the  cylinder  under 
pressure  Pt  and  temperature  T/  equal  to 
vx',  then; 


P«'=K/«T'. 


We  have  also 

a"t*-a 


-4//r,-4m"r'1+| 


(m'+zOT/sBniT/, 


R 


Replacing  j  by  ,r_1  and  combining  with 
equations  44  and  45 

*>„&=*&  (46) 

_      ART' 

and  T„8Sfa.T,'+^r. 

1  m  +  /< 


or 


m  ft 


£P,T/T, 


(47) 


P.T.  +  P.^TZ-TJ 


When  the  inlet  valve  closes,  the  piston 
has  described  a  volume  V/',  which  has 
been  filled  by  the  weight  m"  of  air  at 
pressure  Pt  and  temperature  T/.  We 
have  then; 

mf +m"~m 

There  is  no  external  work  performed 
upon  the  total  mass  of  air,  since  the 
negative  work  of  the  piston  P/V/'  is 
exactly  equal  to  the  positive  work  ex- 
erted by  the  air  of  the  reservoir.  The 
weights  and  temperatures  of  the  air  at 
the  beginning  and  the  end  of  the  intro- 
duction possess  the  following  relations: 

s=4(m'+m"+/01lV" 

A 

T/"  being  the  temperature  at  the  end  of 
the  introduction. 
This  equation  gives ; 

T  „,=  (m'  +  S)Tl"  +  m"T; 

1  m+ii'  ' 

or      P,(V,'+«0— Jcp.-px 

nn  tr> 

l 


—  T  'T 

P^'.T.  +  PyT/       *•• 


(48) 


we  also  have 

P1(V/+v,)=B(m+/i/)T1"' 

or 

— i(P-P0K;     (49) 

V/  is  given  equations  38  and  41.     Equa- 
tion 49  gives  the  value  of  V,". 
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y  (50) 


The  inlet  valve  being  closed,  the  mass 
of  air  ?n  +  jjl  which  is  at  pressure  Px  and 
temperature  T/"  expands  without  gain 
or  loss  of  heat  since  we  neglect  the 
influence  of  the  sides  of  the  cylinder. 
At  the  end  of  the  stroke,  this  volume 
becomes  V2  +  v',  its  temperature  T2  and 
its  pressure  P2.     We  have  then 

or 

^(V,.+  »')*=PI 

and 

Equations  50  and  51  give  V2  and  T2  if 
P2   be  known,    or  P2  and   T2   if  V2   is 
known  ;  this  latter  being  the  volume  de- 
scribed by  the  piston  of  cylinder  B. 
We  have 

ft-1 

T  tT  frf(—\  k 
When  there  is  no  waste  space  we  have 


J 


(51) 


T 


=-.© 


ft—i 

ft 


As  T/"  is  greater  than  T/,  it  results 
that  for  a  given  weight  of  air  passed 
through  the  machine,  at  a  given  working 
pressure,  that  the  final  temperature  of 
the  expanded  air  would  be  higher,  and 
consequently  the  number  of  negative 
calories  produced  would  be  less  than  if 
there  had  been  no  waste  spaces. 

The  work  is  equal  to : 

^=~(P1V/-P2V3)  +  (P -P0)V2 

1 


If  we  make  P2=P1  equations  50  and 
51  will  become 


and 
whence 


P0V2=KmT2, 


*— i 


k- 


+ 


k-l 


(P0-P>'  (52) 


§  16.  In  order  that  the  machine  should 
work  to  the  best  advantage  it  is  evident- 
ly necessary  that  the  air  should  leave  the 
cylinder  at  atmospheric  pressure,  that  is, 
that  Pa  should  equal  to  P0.  There  ought 
then  to  exist  a  certain  relation  between 
the  volume  of  the  compression  cylinder 
V0  +  v,  the  pressure  in  the  reservoir  Pj 
and  the  volume  of  the  expansion  cylinder 
V2  -f  v'  which  may  be  determined  by  the 
above  equations.  To  fix  the  dimensions 
of  a  machine  we  may  assume  V0  +  v  and 
Pt  as  given,  and  then  deduce  the  value 
ofV.+v'. 


/T/      1P-P0_^\ 

\T  =  k    P7    v^/'(53) 


The  work  is 

Wm= 


£-  (pjz-p.v,)  1 


Y      (W) 


k-l 

or        WW=^(T/-T2)  j 

This  value  for  the  work  is  the  same  as 
found  in  §  7,  where  no  waste  space  was 
allowed  for ;  only  the  final  temperature 
T2  being  greater  for  the  same  weight  and 
pressure,  the  work  of  the  air  is  less.       ^ 

The  work  of  the  resistance  of  the 
machine  is  then : 

wr-wm=;fc4iCp1(«1-«1') 

mkc 
or    Wr— WTO=— r- 

(T-T/-T0  +  T2)J 
The  negative  heat  produced  is 

Q=m&c(T0-T2) 
Qa_Q=Wr-Wm 

The  performance  of  the  machhieAis 
T -T„ 


(56) 
(57) 


u= 


or 


T.-T/-T.  +  T, 

•     T0 

T  — T  ' 

a-i_  T  T 


(58) 


T  _T 


As  T/"  is  greater  than  T1?  the  useful 
effect  is  less  than  if  there  had  been  no 
waste  space. 

§  171  The  following  table  exhibits  the 
results  of  a  machine  having  waste  space 
of  4  per  cent,  of  the  volume  described  by 
the  pistons.  The  amount  of  air  used 
being  a  cubic  meter  at  15°,  and  weighing 
lk  226.  In  the  cooler  the  air  is  brought 
to  18°. 
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,d 

s 


1H 

B 

3 

4 


j-1 

<u  is 

«-•  j*  22 

=*  *  s 

9   O 

~33 

*»  o  c 

ti  *2 

mpera 
f  outfl 
comp 

S  o 
11 

h°s 

E 

o 

v-i 

degrees 

degrees  : 

51,04 

-14,17 

79,31 

—34,76 

102,93 

-49,17 

123,39 

—60,38  | 

141,57 

—69,21 

157,98 

—76,57  ; 

173,00 

—82,78  ! 

'o 

O 


ea 
u 

o 
bO 


degrees 
29,17 
49,76 
64,17 
75,33 
84,21 
91,57 
97,78 


cal. 

8,492 
14,486 
18,682 
21,931 
24,516 
26,658 
28,468 


o 

■«— > 
03 

t-. 
o 
o 

XI 


478 
1.426 
2.563 
2.711 
4.859 
5.976 
7.063 


o 

03 

o 
o 


1.150 
2.582 
4  094 
5.555 
6.970 
8.321 
9.617 


Negative  calories  developed. 


a>  o 


cal. 
0,017777 
0,010160 
0,007290 
0,005910 
0,005045 
0,004470 
0,004031 


o  p 


^5 


P-.^ 


9 

O     &■ 


cal. 
4.800 
2.743 
1.968 
1.596 
1.362 
1.207 
1.088 


0) 


t-,  bO 
o  o 

^^ 


cal 
0,007385 
0,005611 
0,004563 
0,003948 
0,003517 
0,003204 
0,002960 


in 

03    03    . 

v  o  P. 


cal. 

1.984 

1.515 

1.231 

1.066 

950 

864 

799 


By  comparing  these  results  with  those 
of  §  11,  we  see  that  the  effect  of  waste 
spaces  is  by  no  means  to  be  neglected 
since  it  results  in  a  loss  of  about  100 
calories  for  each  theoretic  horse  power 
per  hour. 

§  18.  We  can  neutralize  the  influence 
of  waste  space  by  closing  the  outlet  valve 
of  cylinder  B  before  the  end  of  the 
stroke,  so  as  to  compress  the  air  in  this 
space ;  the  stroke  of  the  piston  being 
exactly  determined,  the  air  in  the  waste 
space  may  be  brought  at  the  opening  of 
the  inlet  valve  to  the  temperature  T/ 
and  the  pressure  P/. 

In  this  case  the  equations  34  and  43 
apply  without  change. 

During  the  period  of  expansion  we 
have: 

P2(V2  +  */)=R(m  +  //)T; 

P/V^Bju'T/ 

whence 

T,_/v,+«y-1_/p,\*f1 
t/-\v,'+»7   -\pjk 

The  work  restored  by  piston  B  is  to 
make  allowance  for  the  compression  of 
air  in  the  waste  space  from  the  pressure 
P. to  P. : 


(59) 
(60) 
(61) 

(62) 


nikc. 


?nc 


W™  = 


k 


k-1 

(Po"P2) 


(P.V/-P.V,)- 


h 


p.y 


v-v. 


k-l    •     Yx  +  v 


(63) 


+  ^J  (Po-H,K 


ft: 


('-l-;)-<*-'4%.-*'.> 

T/  being  the  temperature  of  the  air  in 
the  cylinder  at  the  moment  compression 
commences  before  the  end  of  the  stroke. 
We  have  then : 


Wr-W, 


k 


I- (64) 


m~k  -1 

i?t(v1-v1o-p.y.+p.vj+ 

+  (P0-P2)V2+^IP>-U') 
V  -V  1 

When  the  machine  is  well  regulated- 
the  final  pressure  P2— P0  and  the  equa, 
tions  63  mid  64  become 

ww=^4i(p1v/-poV2) 

k 


or 
and 


W.=f  (T/-TJ 


h 


or 


Wr- Wm— ^ 

CP1(vl-V'1)-p.(v.-v,)]  + 

k  V  _v 

4-  — — .  P  (V  -  V')  — -1 

We  have  also : 


(66) 


(67) 
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We  see  that  in  equation  66  the  term 
relating  to  waste  spaces  disappears  if  we 
make  v=v'.     The  equation  then  becomes 

Wr  -  W»=j3j[K(V1-VI')  -T.CV.-V,)] 

* 

The  volume  V2-\-v'  is  determined  by- 
means  of  equations  39,  41  and  67  when 
the  pressure  Pa  is  known. 

Keciprocally  when  V0,  v,  V2  and  v'  are 
known  (the  dimensions  of  the  machine) 
then  V/  is  readily  found,  and  conse- 
quently Pa  and  T1?  the  pressure  and  tem- 
perature at  the  end  of  the  stroke  in  cyl- 
inder B  to  insure  the  escape  of  the  air  at 
the  atmospheric  pressure. 

§  19.  It  was  remarked  in  §  5  that  the 
efficiency  of  the  machine  could  be  nota- 
bly improved  by  cooling  the  air  in  the 
interior  of  the  compressor  cylinder. 

This  result  can  be  accomplished,  in 
part  at  least,  if  not  completely,  by  means 
of  a  ject  of  water,  such  as  is  employed  in 
compressed  air  engines. 

We  will  proceed  to  calculate  the  work 
necessary  for  the  compression  in  this 
particular  case,  neglecting  the  effect  of 
waste  spaces. 

Let  m  be  the  weight  of  dry  air  occu- 
pying the  volume  V0.  Let  M  represent 
the  weight  of  water  injected  together 
with  the  amount  of  moisture  in  the  air, 
and  Mcc  the  weight  of  the  vapor  at  any 
instant. 

The  dilatation  or  compression  of  the 
mixture  of  the  vapor  and  air  is  effected 
in  such  manner  as  to  satisfy  the  differ- 
ential equation : 

mcdt  +  M(dq  +  dxp)  =  —  kVd  V.      (69) 

which  expresses  the  fact  that  variations 
in  the  internal  heat  of  the  mixture  equal 
the  variations  of  work  accomplished. 
We  have  also 

dq=o1dt, 

c  being  the  specific  heat  of  water. 

The  differential  equation  can  then  be 
written 

(mc  +  McJfc-  M.dxp 

-A(¥-p)dV-ApdV 

p  being  the  tension  of  the  vapor,  and  P 
that  of  the  mixture. 

But  xp=xr-  kpxu 

dxp=dxr  -  Apdxu  -  Axudp. 
and  dY=M.dxu 


pis  the  latent  heat  of  the  vapor, 
r  is  the  heat  of  vaporization, 
u  is  the  increase  of  volume  of  a  kilogram 
of  water  vaporized. 
We  know  furthermore  that 


A     dp    xr 
dt     T 


We  have  then 


Mdxp  +  ApdY = Mdxr- 


xrdt 


T 


or 


M.dxp  +  ApdY  _  __,  xr 


from  which  we  deduce 


jxr 


(mc  +  McJ^-  +  Arm  -y  =— Md^-. 
Integrating  between  the  limits  T2  and 

(mc  +  !£<!,)£•  +  M^'-M^.' 

+  ABna~°=o,  (70) 

V  V 

Mx6=— °and  Maj=-; 

—  and  —  are  very  nearly  the  reciprocals 

0 

of  the  vapor  densities  under  the  pressures 
p0  and^. 

We  have  furthermore 

T, 


V=Km: 


-Pi 


Equation  70  will  give  M  when  Ta  and 
T0  are  known. 

AWr  =  mc(T  —  T0) 
+  Mfe  -q0)  +  xlP-x0p0)  +  A(P,V  -P0V.) 

or  AWr  =  mJcc(T—T0) 

+  M(?  —  q.  +  <W- x.r0)  (71) 

This  equation  gives  the  work  of  resist- 
ance when  M  has  become  known.* 

In  M.  Colladon's  compressors,  into 
which  a  spray  of  water  is  injected,  the 
air  being   compressed   to    four    atmos- 


*  The  two  equations  70  and  71,  which  express  the  re- 
lations between  the  volumes  and  the  temperatures  of  a 
mixture  Of  air  and  vapor,  which  is  compressed  or  dilated, 
and 'which  determine  also  the  value  of  the  work,  are  ap- 
plicable to  the  Mekarski  motor. 

In  this  machine,  which  is  designed  to  employ  com- 
pressed air,  the  air  is  reheated  just  before  it  is  introduced 
into  the  cylinder  by  being  forced  through  water,  having 
a  temperature  of  100°  to  150°.  The  cylinder  then  con- 
tains air  and  saturated  vapor,  heated  to  a  mean  tempera- 
ture of  100°. 

The  weight  M  of  equations  70  and  71  is  then  the  weight 
of  the  vapor  contained  in  air,  saturated  at  the  tempera- 
ture at  which  it  leaves  the  hot  water. 
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pberes,  the  temperature  T:  does  not  rise 
above  50c  centigrade,   the   external   air 
being  about  50°. 
We  deduce  then 

V,    =  0.28429  cu.  metres 

M    =  0.57212 

Wr  =  15.291  kilogrammeters. 

When  the  compression  is  effected  with- 
out external  cooling,  we  found  in  £  11 
that  the  work  of  compression  =  17.649 
kilogrammeters,  which  shows  a  gain  in 
the  above  process  of  about  13  per  cent. 

It  remains  to  determine  Wr  for  any 
pressure  without  any  known  value  of  T,. 

When  a  certain  volume  of  air  is  dilated 
or  compressed,  with  or  without  the  ad- 
dition of  heat,  the  relation  of  pressure  to 
volume  is  expressed  by  the  equation 

PVa  =  a  constant. 


-iV 


a-1 


which  gives 


a-1 


log  T-log  Tc 


a  \0g(Pl  -i?i)_log(P0-i?0): 


(72) 


(73) 


(74) 


T,    having   been   found   by   experiment, 
equation  gives  a. 


Making  74  P .=4 atmospheres, T1  =  323° 
and  T0  =  288*  we  find  a  =  1.0912.  a 
being  thus  determined  equation  73  will 
give  M,.  Only  jt>,  being  a  function  of  T,, 
the  latter  must  be  found  by  successive 
approximation  s. 
Equation  70  gives 


Mc  =0.4343  ■?^To_Jf1T1 
T 

log^ 


+  0.5888  m. 


r0,  u0,  f\  and  u%  are   furnished  by  the 
tables. 

Finally  we  obtain  Wr  by  equation  71. 
The  saturated  air  in  passing  into  the 
cooler  is  reduced  in  temperature  from  T 
to  T/,  and  a  portion  of  the  vapor  is  con- 
densed. The  weight  of  vapor  remaining 
and  introduced  into  the  expansion  cylin- 
der is : 

— ,  being  the  density  of  the  vapor  cor- 

u\ 

responding  to  the  temperature  T,'. 

We  will  calculate  again  the  cooling 
produce  by  the  expansion  and  the  work 
as  explained  in  §  13. 

§  20.  The  following  table  exhibits  the 
results  obtained  from  a  cubic  meter  of 
air  saturated  at  15°,  since  the  sides  of 
the  compressor  cylinder  are  covered  with 
water.     The  weight  of  the  air  is  lfc  021. 
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An  examination  of  this  table  and  a 
comparison  with  the  table  of  §  14  shows : 

1st.  That  the  injunction  of  water  into 
the  interior  of  the  compressor  cylinder 
increases  the  efficiency  40  to  50  per  cent. 

2d.  That  the  efficiency  is  at  a  maxi- 
mum at  a  pressure  of  2J  atmospheres. 

3d.  That  it  diminishes,  though  slowly, 
as  we  vary  from  this  pressure. 

4th.  That  the  quantity  of  snow  or  ice 
produced  is  not  greater  than  that  which 
comes  from  the  moisture  of  the  atmos- 
phere. 

The  most  favorable  working  pressure 
apppears  to  be  in  this  case  nearly  4  at- 
mospheres, since  we  obtain  then  a  suffi- 
ciently good  result  (24  to  25  negative 
calories  for  a  cubic  meter  of  air),  with  a 
relatively  good  performance  of  1,200 
negative  calories  per  horse-power  per 
hour. 

Theoretically  the  injunction  of  water 
into  the  compressor  affords  a  great  ad- 
vantage. But  it  is  possible  that  the 
water  resulting  from  the  condensation  of 
vapor  in  the  cooler  does  not  all  remain 
in  the  reservoir,  but  that  a  portion  is 
carried  mechanically  in  cylinder  B. 

The  results  indicated  above  for  the 
efficiency  would  in  such  a  case  be  con- 
siderably modified,  and  the  increase  in  the 
quantity  of  frozen  vapor  would  consti- 
tute in  practice  a  grave  inconvenience. 

Experiment  can  alone  decide  this  ques- 
tion. 

We  have  examined  in  the  preceding 
pages  nearly  all  the  problems  belonging 
to  the  air  machine.  We  will  pass  now  to 
the  study  of  the  second  class  of  ma- 
chines, or  those  which  transform  motive 
force  into  negative  heat  by  the  employ- 
ment of  a  liquefiable  gas. 


Bridging  the  Indus. — Not  long  since,  in 
an  article  on  Indian  Frontier  Railways, 
we  drew  attention  to  the  dilatoriness  with 
which  the  extension  of  Indian  State  Railways 
had  been  carried  ont ;  and  the  difficulties  which 
had  in  consequence  to  be  overcome  in  forward- 
ing the  supplies  to  the  army  now  engaged  in 
Afghanistan.  One  of  the  most  formidable  of 
these  was  the  crossing  of  the  river  Indus,  which 
now  practically  cuts  off  railway  communication 
from  the  most  outlying  of  the  north-west  prov- 
inces of  our  Indian  Empire.  There  can  be  but 
little  gained  by  extensions  to  the  north  of  this 
river  until  a  bridge  is  constructed  to  connect 
the  lines  on  its  southern  and  northern  banks. 
This  fact  has  long  been  foreseen :  but  notwith- 


standing the  obstacle  presented,  by  the  want  of 
a  bridge,  to  efficient  extension  of  the  Indian 
system  of  State  Railways,  the  various  pro- 
posals which  have  from  time  to  time,  for  years 
past,  been  submitted  to  the  Indian  Government 
for  carrying  out  the  work,  have  been  always 
shelved  and  committed  to  the  limbo  of  good 
intentions.  The  Indian  authorities  have  feared 
to  commit  themselves  to  the  outlay  which  the 
undertaking  must  necessarily  involve,  and  their 
procrastination,  whether  justifiable  or  other- 
wise, brought  them  face  to  face  with  a  serious 
obstacle  when  the  Afghan  war  broke  out, 
which  forced  upon  them  then  an  expenditure 
far  greater  than  would  have  sufficed  to  con- 
struct the  bridge  over  and  over  again.  Taught 
by  their  recent  experience,  however,  we  learn 
that  the  Indian  Government  has  decided  upon 
undertaking  at  last  this  important  work,  and 
Mr.  Guilford  Lindsay  Molesworth,  M.  Inst.  C. 
E. ,  the  Director  of  Indian  State  Railways,  has 
received  instructions  to  submit  designs  for  the 
structure.  We  understand  that  Mr.  Moles- 
worth  purposes  to  cross  the  main  stream  by  a 
single  span  of  750  ft.,  and  that  in  its  construc- 
tion he  contemplates  the  use  of  steel  only. 
Experience  in  the  use  of  this  material  for  such 
work  being  as  yet  comparatively  limited,  the 
Indian  Government,  we  are  informed,  consid- 
ered that,  before  committing  itself  to  final  ac- 
ceptance of  Mr.  Molesworth's  designs,  it  would 
be  most  desirable  that  that  gentleman  should 
proceed  to  England  and  make  himself  fully 
acquainted  with  all  the  results  of  the  most  re- 
cent practice  with  it,  and  with  such  details  as 
to  its  manufacture  and  testing  as  should  enable 
him  to  be  able  to  specify,  with  confidence,  the 
method  in  which  the  work  should  be  carried  out. 
His  design  of  such  a  span  as  750  ft.  is  undoubt- 
edly very  bold,  and  is  not  exceeded  by  any 
girder  structure  yet  erected  in  any  part  of  the 
world.  Those  responsible  for  the  acceptance 
of  the  design  have  therefore  done  wisely,  in 
affording  Mr.  Molesworth  every  possible  facility 
for  guarding  against  failure  by  previous  study 
of  the  best  examples  of  steel  manufacture  and 
construction  open  to  him  in  England  and  on 
the  Continent.  The  enterprise  is  a  novel  one, 
and  will  open  the  road  to  the  future  develop- 
ment of  the  use  of  this  material,  which,  al- 
though as  yet  in  its  infancy  in  such  forms  of 
application,  promises  to  be  the  material  of  the 
future.  Its  employment,  owing  to  its  light 
scantling,  will  render  novel  and  special  forms 
of  construction  necessary  to  guard  against  the 
tendency  to  buckle,  likely  to  manifest  itself  in 
such  a  great  span  as  that  of  the  proposed 
girder. 

During  the  considerable  period  of  trial, 
error  and  success  which  has  marked  the 
history  of  the  application  of  iron  to  the  perma- 
nent way  of  railways,  English  railway  chiefs 
have  rejected  proposals  to  use  iron  on  their 
roads.  Iron  sleepers  and  fastenings  have  now 
arrived  at  something  like  a  practical  form,  and 
consequently  the  North-Eastern  Company  is 
trying  Mr.  C.  Wood's  system,  and  the  London 
and  North  Western  Company  is  about  to  make 
a  somewhat  extensive  trial  of  the  rolled  channel 
iron  cross  sleeper. 
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OX   THE    IMPORTANCE  OF  A  SPECIAL  ORGANIZATION    FOR 
THE  DIFFUSION  OF  SANITARY  KNOWLEDGE. 

By  Ma.iok-Gkn.   SYNGE,  F.R.< 
From  "  Journal  of  the  Society  of  Arts." 


A.  s  r  proposition  is  admitted 

to  be  difficult  of  proof.  An  axiom  may 
bated,  but  is  supposed  to  be  incapa- 
ble of  demonstration,  and  the  attempt 
even  to  reason  on  the  difficulty  of  substan- 
tiating logically  that  which  commands 
instinctive  assent,  leads  at  once  into  the 
region  of  metaphysics.  I  should  venture 
on  yet  more  subtle  ground  were  I  to  haz- 
ard entering  upon  the  inquiry  why  self-evi- 
dent propositions  or  truisms  stand  pre- 
eminent among  the  things  universally 
neglected  in  practice.  Yet  my  subject, 
viz..  "The  Importance  of  a  Special  Organ- 
ization for  the  Diffusion  of  Sanitary  Know- 
ledge." places  me  in  this  difficulty  and 
takes  me  into  this  region.  For  when  I 
have  stated  it,  shall  I  not  have  enunciated 
a  srlf-evident  proposition?  Who  is  there 
that  will  dispute  the  value  of  knowledge, 
provided  only  it  be  real?  Or  who  will 
deny  the  value  of  health?  Who  will 
question  that  the  one  bears  upon  the 
other?  Health  cannot  be  maintained 
without  knowledge,  whether  that  know- 
ledge be  instructive,  intuitive,  or  acquired. 
And  who  is  there  to  be  found  bold 
enough  to  affirm  that  our  existing  habits 
in  matters  relating  to  the  maintenance 
of  health  are  satisfactory?  If  there  be 
such  an  one,  I  should  select  him  as  the 
strongest  and  most  conclusive  embodied 
evidence  it  were  possible  to  procure,  or 
to  adduce,  of  the  necessity  which  exists 
for  the  diffusion  of  knowledge  leading  to 
a  better  condition  of  mind.  If,  on  the 
other  hand,  there  be  none  such,  my  pro- 
position is  in  great  part  admitted,  and, 
in  so  far,  my  object  attained.  If  the 
habits  of  a  great  proportion  of  our  popu- 
lation be  in  many  respects  not  conducive 
to,  but  subversive  of,  the  due  mainte- 
nance of  health,  who  will  gainsay  the 
propriety  of,  if  there  exists  not  the  abso- 
lute necessity  for,  a  special  organization 
to  spread  sound  knowledge  on  sanitary 
subjects ;  but  an  organization  armed  with 
that  authority  which  is  derived  from  con- 
viction brought  to  bear  rather  than  with 
that  comparatively  unreal  and  unstable 
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force  which  may  indeed  bo  procured  by 
the  instrumentality  of  legal  enactments, 
but  which  is  never  willingly  submitted  to 
when  enacted  contrary  to  conviction,  and 
which  never  carries,  and  never  can  carry, 
the  same  inherent  power  as  stands  insep- 
arably connected  with  settled  conviction 
founded  upon  the  knowledge  of  the  true; 
and  this  is,  to  my  mind,  the  sound  defin- 
ition of  science — science  is  true  know- 
ledge of  the  true.  In  accordance  with 
these  views,  I  seek,  in  bringing  this  sub- 
ject under  your  consideration,  to  arouse 
the  energy  of  action,  so  that  it  may  be 
applied  directly  to  the  performance  of 
this  task,  and  this  Society  be  moved  to 
form  a  distinct  branch,  which  I  hope  will 
cover  the  land,  and  which  shall  base  its 
action  on  somewhat  of  the  following 
principles  and  outline  of  suggestion. 
First,  on  patient  and  continuous  investi- 
gation of  what  is  true  in  that  class  of 
subjects  pertaining  to  health  which  is 
usually  ranged  under  the  term  "Sani 
tary;"  next,  on  clear  and  concise  compi- 
lation of  the  evidence  on  which  each  step 
in  such  investigations  shall  rest,  and 
which  shall  proceed  to  diffuse  or  spread 
such  knowledge,  but  which  shall  leave 
entirely  free  and  unfettered  by  any  rec- 
ommendation of  legal  enactments  the 
adoption  or  the  non-adoption  of  the  results 
which  may  seem  to  flow  from  the  estab- 
lishment on  such  evidence  of  the  premi- 
ses in  question.  I  shall  presently  seek 
to  direct  your  attention  at  somewhat 
greater  length  to  the  grounds  on  which 
I  press  this  advocacy  of  perfect  liberty ; 
but  I  introduce  it  thus  early  to  your  no- 
tice because,  for  my  own  part,  I  am  as 
thoroughly  satisfied  of  the  policy,  as  I 
am  of  the  propriety,  of  limiting  legal 
enactments  to  such  negative  injunctions 
as  fetter  liberty  only  where  it  degenerates 
into  license,  and  of  never  attempting  to 
command  an  individual  or  a  community 
to  tread  in  some  particular  positive  path. 
Particular  enactments,  however  much 
they  may  possibly  be  deemed  right  at 
the  time,  may  all  the  while  be  wrong  ; 
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but  this  is  the  least  evil  aspect  of  the 
question.  The  intrusion  of  legislative  or 
government  direction  beyond  the  func- 
tion of  maintaining  order  tends  to  unman 
a  people,  and  is  both  a  cause  and  symp- 
tom of  decline.  This,  even  if  the  leg- 
islation and  direction  be  right  in  them- 
selves ;  but  the  legislation  of  wrong  is 
the  violation  of  law,  and  treason  against 
its  majesty.  Law  forbids  our  injuring 
our  neighbor,  but  law  is  powerless  in  the 
direction  of  direct  benefit.  We  cannot 
by  any  means  whatever  do  any  positive 
good  to  our  neighbor  by  means  of  a  le- 
gal enactment.  We  can  and  we  Ought  to 
abstain  from  doing  our  neighbor  harm, 
but  every  needless,  and,  much  more, 
every  injuring  enactment  is  organised 
wrong  to  our  neighbor,  and  wrong  in  the 
worst  form.  The  only  enactment  I 
should  desire  would  run  in  ordinary 
phraseology  eno.ugh ;  it  would  be  an  Act 
to  amend  by  repealing  other  Acts.  The 
necessity  of  combating  at  every  turn  the 
love  of  forcing  our  shibboleths  on  others 
has  led  me  into  this  necessary  digression; 
but  returning  to  the  direct  means  I 
would  suggest  for  diffusing  sanitary 
knowledge,  I  would  propose  that  the  So- 
ciety of  Arts  request  the  Council  of  the 
Annual  International  Exhibition  to  give 
permanence,  and  prominence  together 
with  that  permanence,  to  that  sanitary, 
architectural,  and  engineering  depart- 
ment which  forms  so  instructive,  timely, 
and  valuable  a  feature  this  year. 
Also  that  it  should  invite  the  Council  of 
that  Exhibition  to  cause  lectures  to  be 
delivered  by  the  exhibitors  or  others, 
bringing  forward,  with  all  the  advantage 
to  be  derived  from  the  examples  at  hand 
for  inspection,  their  own  views  in  expla- 
nation of  the  works  they  have  produced. 
I  have  jealously  guarded  against  the 
intrusion  of  compulsion  by  means  of 
legal  enactment,  although  it  is  the  pet 
abomination  of  the  hour ;  but  I  would 
also  guard  against  being  supposed  to  be 
content  to  begin  and  end  with  the  mere 
machinery  of  exhibitions  or  lectures  either 
there  and  here.  I  have  a  very  different 
aim  in  proposing  the  formation  of  this 
important  branch  of  the  Society  of  Arts. 
I  believe  that  with  very  rare,  if  with  any, 
exceptions  our  scientific  institutions  fall 
short  of  exercising  the  influence  and  car- 
rying the  weight  they  might  and  should, 
if  they  followed  more  invariably  the  rule 


of  bringing  to  a  practical  conclusion  and 
pronouncing  a  definite  judgment  on  the 
questions  brought  before  them,  and 
formed  sub-committees  charged  to  see 
approved  conclusions  carried  into  prac- 
tice by  science,  that  is  to  say,  by  suffi- 
ciently diffusing  sound  knowledge  on  the 
particular  sub j  ect.  And  this  is  what  I  pro- 
pose that  we  should  do :  A  geographical 
problem,  for  instance,  unfollowed  by  an 
expedition,  is  of  limited  value.  It  would 
have  still  less  if  not  even  an  opinion  on 
the  value  of  the  problem  is  authorita- 
tively pronounced.  Let  me  give  you  two 
striking  ,  examples,  which  sufficiently 
illustrate  what  latent  force  is  wasted  by 
that  neglect.  It  is  not  at  all  too  much 
to  say  that  had  the  course  I  advocate 
been  adopted  in  these  instances,  the 
whole  political  aspect  of  the  world,  and 
the  distribution  of  power,  would  have 
been  different  from  what  they  are.  Com- 
munication from  ocean  to  ocean  over  the 
British  territories  of  the  American  conti- 
nent, federating  the  whole  empire  in  a 
defensive  and  commercial  league,  would 
have  been  a  work  accomplished  many 
years  ago ;  the  Suez  Canal  would  have 
been  an  English,  not  a  foreign  enterprise, 
and  Russo-Persian  railways  would  not 
have  antedated  the  Euphrates  Valley 
line.  Again,  were  there  not  sufficiently 
apparent  obstacles  in  the  way,  the  valu- 
able papers  brought  before  the  Royal 
United  Service  Institution,  and  the  yet 
more  valuable  discussions  they  elicit, 
would  have  a  very  different  effect  were 
they,  or  could  they  be  followed  up  by 
committees  of  that  body  charged  to  in 
vestigate  and  to  support  or  to  refute  the 
theses  brought  under  consideration,  and 
charged  to  bring  the  result  of  their  de- 
liberations publicly  before  the  Adminis- 
trative Department.  How  different  under 
such  conditions  might  be  the  strength 
and  the  efficiency  of  both  our  gallant  ser- 
vices, and  by  how  much  diminished  that 
magnitude  of  the  Taxpayers'  Bill,  which 
has  led  to  the  deplorable  and  dangerous 
result  of  the  arms  of  the  service  and 
consequently  of  the  country  being  char- 
acterised, not  in  satire  nor  in  wrath,  but 
as  a  supposed  matter  of  fact,  as  the 
spending  departments,  till  the  defence 
of  the  country  has  thus  practically  fallen 
into  the  care  and  custody  of  accountants. 
Happily  any  difficulties  which  may  stand 
in  the  way  of  the   course   which  I   pro- 
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pose,  were  it  suggested  in  the  cases  I 
have  just  given  as  illustrations,  do  not 
at  nil  rxist  for  us  here.  I  have  adduced 
these  illustrations  hoping  that  you  will 
think  of  them  again  and  again,  till  they 
have  helped  to  impress  indelibly  upon 
your  minds  the  immense  but  unsuspect- 
ed power  latent  in  manly  effort,  through 
associated  independence  and  its  immense 
superiority  in  attaining  result  over  any- 
thing that  can  possibly  be  brought  about 
by  any  other  means.  In  spite  of  an«Act 
with  some  Latin  words  hard  to  peasant 
understanding,  winch  has  substituted 
"urban  "and  "rural"  for  "town"  and 
"country,''  and  wThich  has  done  very  lit- 
tle else,  there  is  no  department  of  the 
Government  charged  with  decreeing  and 
determining  what  is  conducive  .to  health  ; 
but  if  there  were  wre  should  be  wholly 
free  from  any  special  allegiance  to  it. 
Our  freedom,  however,  in  this  matter  is 
not  merely  complete.  We  are  actually 
invited  by  the  circumstances  of  the  case 
to  take  up  the  ground  which  has  been 
left  clear.  I  fear,  not  from  any  in- 
telligent understanding,  that  it  is  wholly 
beside  and  beyond  the  province  of  admin- 
istrative government  to  decree  and  de- 
termine what  shall  be  the  laws  of  nature 
which  are  to  govern  bodily  health,  and 
that  it  is  a  proper  function  of  adminis- 
trative government  to  cause  such  laws, 
which  are  are  a  part  of  nature,  or,  in  other 
words,  inherent  in  the  creation,  to  be  dis- 
covered and  recognized.  I  say  it  is  less, 
I  fear,  to  any  clear  apprehension  of  this 
fact,  that  we  are  indebted  to  our  freedom 
in  the  matter  than  it  is  to  the  hopeless 
£>erplexity  of  minds  which  have  traveled 
in  the  groove  of  evolving  legal  enact- 
ments out  of  their  inner  consciousness, 
and  which,  when  they  look  to  that  inner 
consciousness  for  sanitary  light,  find 
nothing  and  evolve  that.  I  think  I  shall 
sufficiently  establish  this  statement  by  a 
single  illustration.  Legal  enactments,  at 
the  present  moment,  compel  the  intro- 
duction of  an  enormous  bulk  of  putres- 
cible  matter  into  the  fluid  we  drink  and 
are  supposed  to  wash  in.  That  fluid  is 
thereby  itself  made  putrid.  It  consists 
of  gases  which,  in  contact  with  putridity, 
change  their  qualities,  and  evaporate  in 
new  and  pernicious  formations.  The 
bulk  of  the  fluid  remains  more  or  less 
putrid.  These  legal  enactments  again 
step  in  and  forbid  the  fluid  in  that  con- 


dition to  remain  in  the  river  bed.  The 
victims  of  this  double  compulsion  meek 
ly  ask  what  they  are  to  do,  but  the  inner 
consciousness  has  exhausted  its  re- 
sources, and  gives  neither  voice  nor 
answer.  It  remains  an  utter  blank.  The 
victims  find  themselves  the  mere  sport 
of  a  power  which  commands  them  under 
irresistible  penalty  to  bring  about  a  state 
of  things  which  the  same  power  declares 
makes  water  unfit  for  river  beds.  First, 
the  adoption  of  a  particular  mode  of  at^ 
taining  a  certain  end  is  made  imperative, 
and  next,  justifiably  enough,  except  for 
this  previous  circumstance,  it  is  declared 
that  poisonous  water,  or  water  in  a  con- 
dition calculated  to  do  injury  to  health, 
shall  not  be  poured  into  river  beds ;  but 
when  it  is  asked  of  administrative  gov- 
ernment, which  is  answerable  for  this 
state  of  things,  "  What  are  we  to  do  T 
there  is  given  first  the  reply,  "repurify," 
but  to  the  farther  question  of  "How?" 
the  response  is  like  those  echoes  of  Kill- 
arney  which  add  to  the  sounds  they  rever- 
berate, and  the  answer  is,  "Anyhow!  we 
neither  know  nor  care."  To  suppose, 
however,  that  legal  enactments  which 
result  from  what  the  present  Prime  Min- 
ister is  peculiarly  apt  to  call  "the  wisdom 
of  Parliament,"  or  "Parliament  in  its 
wisdom"  stop  here,  would  be  to  supppse 
an  error.  Simply  to  forbid  poisonous 
water,  or  water  that  is  in  a  state  injurious 
to  a  sound  state  of  health,  being  poured 
into  river  beds  were  a  desirable,  if  not 
an  absolutely  necessary  rule.  It  would 
'  be  a  rule  in  consonance  with  law  in  its 
right  sense,  that  is  to  say,  in  harmony 
with  right,  morality,  and  reason  Legal 
enactments  have  found  their  way  out  of 
such  a  dilemma  as  this  which  would  have 
involved  them  in  a  state  of  things  foreign 
to  their  customs.  The  mode  of  escape 
was  simple  and  indescribably  efficacious. 
They  did  not  proscribe  any  measured 
degree  of  corruption,  but  they  2?r  escribed 
a  standard  of  purity.  It  answered  every 
purpose.  It  sounded  magnificently 
grand  and  lofty.  It  was  not  evil  that 
was  to  be  forbidden,  positive  good  was 
to  be  ordered,  and  purity  in  water  was 
to  be  established  by  Act  of  Parliament. 
The  first  question,  however,  was,  "What 
is  purity  in  water,  and  what  is  its  stand- 
ard?" To  determine  the  order  of  the 
universe  seems  to  exercise  an  irresistible 
fascination  over  the  framers  of  legal  fet- 
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ters.  Here  an  exceptionally  fortunate 
opportunity  for  the  indulgence  of  this 
morbid  fancy  was  presented.  It  offered 
first  an  illimitable  field  for  every  sort  of 
wrangling.  Chemists,  lawyers,  legisla- 
tors, each  and  all  could  have  their  say, 
and  all  help  to  the  one  end  of  avoiding 
practical  simplicity  through  having  raised 
a  thoroughly  non-pertinent  issue.  The 
success  has  been  complete.  The  intro- 
duction of  a  so-called  standard  of  purity 
instead  of  the  prohibition  of  defilement 
has  left  the  determination  of  that  stand- 
ard undetermined,  and  it  has  left  the 
great  water  arteries  of  the  country  in  the 
evil  state  in  which  it  found  them.  The 
"standard  of  purity,"  so  declared  the 
"Rivers  Purification  Committee  of  Scot- 
land" composed  of  dukes,  marquesses, 
and  other  peers,  and  baronets,  and  of 
merchants,  manufacturers,  and  propri- 
etors of  Scotland,  who  associated  them- 
selves together  to  end  the  pollution  of 
their  waters,  "The  standard  of  purity 
would  destroy  the  manufactures  of  the 
country."  On  the  other  hand,  the  manu- 
facturing town  of  Bradford,  in  Yorkshire, 
has  been  under  injunction  to  prevent  its 
pouring  its  pollution  into  a  stream  much 
fouler  than  the  Bradford  flood.  To  enjoin 
and  to  forbid,  to  puzzle  arid  perplex,  these 
are  the  results  of  legal  enactments,  and 
such  appear  to  be  their  revelry  and  their 
delight.  So  far  as  the  limits  of  time 
allow  me  with  regard  to  other  points  I 
must  bring  before  you,  I  dwell  at  some 
length  and  as  impressively  as  I  can  upon 
this  point,  because  I  believe  it  to  be  the* 
very  root,  not  only  of  many  social  evils 
under  which  we  suffer,  but  I  believe  the 
fondness  for  legal  enactments  and  the 
blind  credulity  that  puts  its  trust  in 
them,  are  threatening  us  with  some  dan- 
ger of  that  hopeless  and  despicable  con- 
dition in  which  the  sense  of  manhood 
has  died  out.  It  is  a  lazy,  cruel,  and  im- 
moral tiling  to  thrust  upon  others  our 
views  or  our  interest  through  the  intri- 
cacies of  a  tyranny  which  is  not  at  all 
the  less  real  for  being  cloaked  by  hypoc- 
risy and  tempered  by  folly,  and  although 
the  embodiment  of  this  evil  is  in  the 
enactments  themselves,  these  only  come 
into  being  through  the  operation  of  that 
feeling  which  seeks  more  and  more  to 
place  all  life  under  government  rule  and 
supervision,  instead  of  jealously  guard- 
ing against  every  encroachment  on  indi- 


vidual liberty,  and  every  form  of  usurp- 
ation over  moral  law.  The  charms  of 
compulsion  when  applied  to  others  seem 
daily  more  and  more  to  deaden,  till  they 
threaten  to  obliterate  the  sense  of  moral- 
ity and  the  power  of  distinction  between 
right  and  wrong,  to  extinguish  the  very 
love  and  sense  of  liberty,  and  that  jeal- 
ousy of  in  justifiable  interference,  both 
the  effect  and  cause  of  the  former  manli 
ness  of  English  character,  and  the  foun- 
dation alike  of  the  past  greatness  and 
the  present  prosperity  of  the  country. 
"  Government  without  a  Parliament,"  said 
the  great  Lord  Burleigh  of  the  reign  of 
Elizabeth,  "is  an  object  of  terror,  Gov- 
ernment with  a  Parliament  is  an  object 
of  desire;"  but  he  added,  "England  can 
never  be  undone  but  by  a  Parliament." 
Government  by  Parliament  he  described 
as  an  infallible  mode  of  compassing  the 
ruin  of  the  country.  Even  that  prescient 
statesman,  however,  has  left  no  record 
that  proves  he  foresaw  that  we  should 
delight  in  being  poisoned  by  Act  of  Par- 
liament. 

A  man  of  modern  times,  not  his  infer- 
ior it  may  be  in  wisdom,  has  said — "  If 
we  adopt  the  recent  English  idea  of  fac- 
tious contention  as  the  meaning  of  politics, 
no  man  can  be  a  politician  and  a  Christian ; 
but  if  politics  be  the  knowledge  of  our 
duties  as  citizens,  there  can  be  no  Chris- 
tian that  is  not  a  politician." 

The  remedy  then,  for  the  grievous 
abuse  and  injury  which  result  from  un- 
just, ill-considered,  and  ever  mutually 
destructive  legal  enactments,  is  to  be 
found  in  the  diffusion  of  knowledge  and 
the  performance  of  our  duties  as  citizens 
in  respect  of  cleanliness,  and  in  the  cul- 
tivation of  character  and  manliness/just 
as  on  the  contrary  legal  enactments  have 
their  root  and  origin  in  the  indolence  of 
inconvenienced  incapacity.  It  is  to  press 
upon  you  to  apply  and  energize  in  a  di- 
rection in  which  they  are  very  much  re- 
quired, the  self-help  and  the  capacity  at 
the  command  of  this  influential  and  able 
voluntary  association,  that  I  bring  this 
subject  before  you.  I  do  it  the  more 
earnestly  because  the  love  of  compulsion 
is  a  very  prevalent,  as  well  as  a  very  dan- 
gerous disease.  Men  vary  in  opinion  on 
many  matters ;  but  there  seems  a  dan- 
gerous agreement  in  the  desire  to  "  com- 
pel" their  neighbors  to  act  upon  their 
individual  or  sectional  convictions.     This 


THE    DIFFUSION    OF   samtaky    KNOWLEDGE. 


L09 


emulation  can  end  only  in  destruction. 
This  perpetual  appeal  to  power  ads  as 
an  incentive  to  singularity  of  opinion. 
and  the  truant  infant  that  began  life  by 
knocking  over  his  companions,  grows 
into  the  angry  legislator  who  thrusts  his 
nostrums  or  his  self-will  upon  his  fellows, 
enrolling  them  in  Acts  of  Parliament, 
ami  labelling  them  "with  compulsion." 
On  some  sanitary  questions  I  have  found 
myself  not  in  consonance  with  the  ma- 
jority— at  least  it  was  so  at  one  time — 
but  I  found  myself  confronted  with  an 
evil    greater,  in   my   apprehension,  even 

m  poisonous  waters  ;  those  who  shared 
my  convictions  on  these  matters  shared 
those  of  my  antagonists  as  to  the  means 
of  giving  effect  to  convictions,  and  adopt- 
ing the  precept  of  evil  for  evil,  wanted 
to  make  running  in  the  arena  of  factious 
contention,  and  to  meet  the  legal  enact- 
ments of  their  adversaries  with  others  of 
their  own. 

In  passing  on  to  the  consideration  of 
the  subjects  that  come  within  the  cate- 
gory of  sanitary  science,  I  come  to  a 
branch  of  the  subject  with  wdrich  I  feel 
that  it  is  quite  beyond  my  power  to  deal 
exhaustively,  I  mean  so  comprehensively, 
to  include  satisfactorily  in  general 
terms  its  wide  and  multifarious  ramifica- 
tions. It  is  imperative,  nevertheless, 
that  I  should  venture  at  least  to  indicate 
those  prominent  parts  of  sanitary  science 
of  which  I  have  no  hesitation  in  affirming 
that  the  general  knowledge  and  general 
observance  are  alike  imperative  and  in- 
dispensable to  the  maintenance  of  the 
health  of  concentrated  populations  in  an 
unvitiated  condition.  And  here  I  feel 
also  that  the  task  is  very  much  lightened 
if  we  continue  a  due  regard  to  the  prin- 
ciple I  have  already  submitted  to  you, 
namely,  that  associated  efforts  in  material 
subjects,  as  well  as  legislation  on  social 
matters,  should  be  restricted  to  negative 
conditions,  but  that  in  this  direction  the 
one  should  be  vigorously  exerted,  and 
the  other  be  rigidly  enforced. 

If  we  accept  this  principle,  and  pro- 
ceed to  base  the  outline  of  sanitary  effort 
upon  it,  we  shall  at  once  be  brought  to 
these  conclusions  ;  and  first  in  regard  to 
the  atmosphere.  Its  normal  state  should 
not  be  unnecessarily  made  wrorse,  and 
never  so  except  upon  sufficient  cause 
shown.  It  follows  as  a  logical  sequence 
that  between   rival   pretensions   to  deal 


with  that    law  of    decay,  of  which    putre 

faction  is  an  inseparable  part,  that  which 
C(Bteris  paribus  prevents  such  decai  or 
putrefaction,  or  other  deterioration,  trom 
so  much  as  reaching  or  affecting  the  al 
mosphcre,  is  to  l>c  preferred.  Should 
there  be  none  such,  the  next  best,  in  the 
abstract,  is  evidently  that,  which  most 
nearly  approaches    to    prevention,   and 

most  effectually  remedies  such  as  maybe 
inevitable.  Tin1  question  of  cost  is  in 
principle  altogether  subordinate.  It  only 
enters  as  a  matter  of  detail.  There;  and 
then,  however,  it  may  assume  command 
ing  proportions.  For  instance,  tin;  case 
may  be  conceived  in  which  an  injurious 
taint  of  the  atmosphere!  may  inevitably 
and  inseparably  attach  to  a  particular 
manufacture.  On  the  other  hand,  it  is 
quite  conceivable  that  the  manufacture 
characterised  by  this  defect  may  be  of 
very  great  importance,  and  the  locality 
in  which  it  is  carried  on  might  be  one  in 
which  the  injurious  taint  was  all  but  con- 
fined in  its  effects  to  those  conducting  the 
manufactory  or  directly  benefiting  from 
it.  Moreover,  the  actual  state  of  science 
as  to  repurifying  the  atmosphere  from 
the  taint  might  be  at  a  lowr  ebb.  There 
might  possibly  be  no  particular  remedy 
whatever  except  at  a  cost  and  by  exer- 
tions that  wrould  prove  fatal  to  produc- 
tion ;  or  if  there  were  one  it  might  be 
unknown  or  undiscovered,  which  amounts 
practically  to  the  same  thing.  To  lay 
down  a  hard  and  fast  rule  made  to  apply 
alike,  and  under  similar  enactments  to 
such  vitiation;  and  to  vitiation,  wanton, 
vicious,  and  preventible,  would  be  ex- 
actly what  our  legal  enactments  have 
done,  and  pretend  to  do,  and  affords  but 
another  illustration  of  the  mischief  in 
practice,  as  much  as  in  principle,  of  that 
fond  resort  to  Parliamentary  fetters  and 
hand-tying  which,  for  my  part,  I  deem 
a  worse  remedy  than  almost  any  evil 
against  which  it  may  be  directed. 

The  tribunal  I  invite  you  to  form 
would  be  wholly  free  from  temptation  to 
fall  into  such  errors.  Its  mission  will  be 
to  enlighten ;  it  cannnot '  legislate.  Its 
object  primarily  would  be  to  attain  and 
to  spread  " true  knowledge  of  the  true," 
and  it  would  be  guided  throughout  by 
deductions  derived  from  impartial  and 
patient  investigation.  It  would  ascer- 
tain and  make  known  the  circumstances 
attending   upon    each    subject  which   it 
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investigated.  Whilst,  therefore,  taking 
the  very  humble  but  all-powerful  posi- 
tion of  being  strictly  bound  to  ascertain- 
ing what  is  fact,  and  absolutely  hindered 
from  pretending  to  determine  what 
wishes,  theories  and  pretensions  can  be 
converted  into  facts,  it  would  embrace  a 
scope  and  freedom  of  application  at  the 
present  time,  unhappily,  utterly  unknown 
among  us,  and,  moreover,  altogether  un- 
attainable until  we  substitute  for  the  ar- 
rogance of  legislative  decrees  the  humil- 
ity of  the  observance  of  facts. 

Identically  the  same  principle  applies 
to  the  next  indispensable  to  life,  water. 
In  lieu  of  a  vague,  imaginary,  and  utter- 
ly inapplicable  prescription  of  a  visionary 
standard  of  purity,  the  negative  law 
would  evidently  lead  to  a  proceeding  as 
feasible  in  practice  as  simple  in  enuncia- 
tion. Intense  absurdity  when  clothed 
in  the  form  and  invested  with  the  force 
of  legal  enactment  is  tyranny  and  cruel- 
ty, as  well  as  absurdity  ;  but  the  intense 
absurdity,  I  say,  of  compelling  water  to 
be  mingled  with  putrescible  matter,  and 
then  forbidding  the  corrupted  mass  to 
flow  into  the  channels  of  the  river  beds 
without  providing  any  remedy,  is  suffi- 
ciently apparent.  I  propose,  therefore, 
that  this  Society,  which  undertakes  to 
deal  on  the  basis  of  true  knowledge  with 
the  interests  of  science,  art,  and  manu- 
facture, should  take  up  with  a  vigor  and 
earnestness  proportioned  to  the  magni- 
tude of  the  interests  at  stake,  and  should 
render  impossible  the  continuance  of 
this  condition. 

In  the  face  of  the  tribunal  I  invite  you 
to  inaugurate,  and  which  it  is  in  your 
power  to  form  effectively,  no  manufac- 
turing town  could  have  its  industry  laid 
under  that  form  of  interdict  our  legal 
courts  term  "  an  injunction,"  whilst  the 
legislative  body,  occupied  with  party 
strife  and  with  conundrums  for  the  com- 
pulsory propagation  of  knowledge  as  it 
is  defined  by  Act  of  Parliament,  and  an 
administration  entirely  bewildered,  look 
on  in  helpless  bewilderment,  ignorant 
of  the  ignoble  part  they  play  in  laying 
down  an  eternity  of  enactments  on  mat- 
ters they  are  too  indifferent  and  careless 
to  investigate. 

Again,  in  contrast  to  this  condition  the 
negative  law  would  merely  enjoin  that 
water  which  might  be  used  (or  abused 
even)  in  any  manner  any  one  saw  fit, 


should  not  leave  the  premises  or  the  city 
in  a  worse  condition  than  it  reached  the 
householder  or  the  city.  This  furnishes 
the  solution  supplied  by  reason,  and  is 
as  applicable  to  a  single  householder  as 
to  a  city.  Leaving  our  municipal  insti- 
tutions intact,  it  would  enable  the  author- 
ities in  such  matters  to  determine  on  any 
rules  that  they  saw  fit,  both  as  to  atmos- 
phere and  water,  so  long  as  they  come 
within  these  limits,  whilst  at  the  same 
time  they  could  work  little  or.no  positive 
ill  to  their  neighbors. 

Precisely  the  same  principle  holds 
good  as  to  land.  I  shall  not  enter  into 
the  subject  of  the  ownership  of  land;  I 
will  take  it  as  I  find  it.  Our  legal  ex- 
actments,  be  they  wise  or  not,  enable 
land  to  be  taken  by  the  community  in  its 
supposed  interests.  I  am  free  to  own 
that  I  think  the  judgment,  moderation, 
and  full  compensation  usually  shown  and 
accorded,  when  this  legal  right  is  exer- 
cised, are  among  the  most  encouraging 
and  gratifying  evidences  of  the  deep 
good  feeling  and  thorough  honesty  of 
purpose,  which  I  am  glad  to  believe 
underlie  any  errors  into  which  we  may 
fall  from  that  rapidity  of  life  and  multi- 
plicity of  avocation  from  which  we  can- 
not now  separate  ourselves  even  if  we 
would.  Thus,  while  I  should  invite  the 
Society  to  form  a  Sanitary  Section,  and 
ask  the  Society  itself  through  it 
thoroughly  to  investigate  and  thorough- 
ly to  test  all  uses  of  land  which  might 
pretend  to  sanitary  result,  but  of  which 
the  sanitary  result  might  be  called  in 
question,  and  fearlessly  to  deliver  and 
support  the  conclusions  it  may  arrive  at, 
I  would  also  invite  it  scrupulously  to 
leave  all  action  on  such  conclusions  al- 
together to  the  municipalities  and  land 
owners  of  the  country. 

I  may,  however,  as  well  forestall  or  en- 
deavor to  forestall,  an  objection  which  may 
very  possibly  suggest  itself  to  some  by 
no  means  uninfluential  members  of  this 
Society.  I  am  aware  that  an  opinion  is 
in  some  quarters  entertained  that  we,  or 
at  least  that  certain  parties  are  in  pos- 
session of  all  knowledge,  now  or  ever  to 
be  attained,  on  sanitary  matters.  Those 
who  think  so  point  with  emphatic  satis- 
faction to  our  actual  state,  reasoning  not 
unnaturally  from  their  own  point  of  view, 
that  these  their  convictions  need  only  to 
be  acted  upon  in  order  to  produce  that 
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which  we  all  desire,  namely,  the  most 
perfect  sanitary  condition  winch  it  is 
possible  to  attain.  This  opinion  is  held, 
and  very  stoutly  maintained,  by  men 
whom  I  have  called  not  iminfluential. 
They  are  so  far  from  being  uninfluential, 
that  the  great  metropolitan  area,  in  a 
microscopic  fragment  of  which  we  are 
asembled,  has  been  brought  under  the 
pains  and  penalties  with  which,  in  their 
fondness  for  enforcing  their  views  by  the 
instrumentality  of  legal  enactments,  they 
grace  their  convictions.  I  shall  not 
question  the  soundness  of  those 
convictions  on  this  occasion.  I  do 
not  think  it  the  occasion  on  which 
to  express  any  opinion  beyond  the  one 
opinion  that  forms  the  all-in-all  of  the 
object  of  the  present  address.  I  desire 
to  concentrate  your  attention  on  the 
value  of  an  association  which  shall 
spread  its  influence  by  means  of  evidence 
made  universally  accessible  and  plainly 
demonstrative,  and  that  shall  hate  pains, 
penalties,  and  compulsion  more  than  we 
do  poison.  In  that  spirit  I  invite  the 
co-operation  and  support  of  the  persons 
I  refer  to  as  cordially  and  as  earnestly 
as  I  do  that  of  all  others ;  and  what  I 
beg  of  them  is,  not  that  they  should 
throw  away  their  convictions,  but  that 
they  should  trust  to  the  force  and  value 
of  the  evidence  on  which  no  doubt  they 
believe  those  convictions  to  rest,  and 
that  they  would  break  off  the  miserable 
fetters  with  which  they  have  been  the 
means  of  enslaving  the  volition  of  all  the 
millions  inhabiting  the  metropolitan 
area.  I  wish  them  to  believe  in  the  free 
trade — if  I  may  avail  myself  of  a  cant 
term  to  convey  my  meaning  rapidly — in 
the  free  trade  or  interchange  of  knowl- 
edge, and  in  the  right  of  every  man  to 
pursue  any  course  he  pleases,  so  long  as 
that  course  inflicts  no  injury  to  his 
neighbor.  I  must,  however,  prepare  to 
meet  a  farther  objection.  I  may  be  told 
that  my  principle  is  a  theory,  or  that  it 
is  impracticable,  or — shall  I  put  it  in 
plain  words — is  nonsense.  I  might  be 
told  that  it  is  impossible  for  an  individ- 
ual householder  to  deal  with  putrescible 
matter  of  the  various  kinds  incidental  to 
our  existence  without  offence  and  injury 
to  his  neighbor ;  that  no  new  tribunal 
whatever  is  necessary  to  determine  a 
self-evident  fact,  and  that,  moreover,  a ! 
fact  which  the  Legislature  has  recognized  | 


after  mature  consideration  ;  and  that  the 
panacea  exists  already,  and  needs  only  to 
be  universally  and  compulsorily  applied. 
Surely  the  general  dissatisfaction  with 
the  existing  state  of  things  affords  an 
irrefutable  reply  to  so  wide  an  assertion, 
however  confidently  it  may  be  affirmed. 
Were  it  possible  for  a  moment  to  as- 
sume the  premiss,  is  it  not  evident  that 
the  opinion  that  the  premiss  is  sound  is 
not  so  generally  received  as  to  be  acted 
upon?  It  is  impossible  almost  on  any 
day  to  take  up  a  newspaper  that  does 
not  contain  some  reference  to  the  miser- 
able and  dangerous  conditions  under 
which  we  carry  on  an  existence  need- 
lessly endangered.  Now  it  is  a  hospital 
that  has  to  be  reconstructed;  then  an 
epidemic  spread  by  means  of  what  it 
is  customary  to  call  milk ;  next  we  have 
an  account  of  cabs  alternating  between 
loads  of  infection  and  persons  to  be  in- 
fected ;  then  contaminated  bread ;  then 
towns  under  injunctions — rivers  resem- 
bling nothing  so  much  as  sewers  ;  and 
so  on.  Yet  in  all  this  category  we  touch 
but  one  form  of  the  evil — for  the  sin  and 
misery  of  over-crowding  is  not  so  much 
as  noticed.  I  confess  I  feel  almost  over- 
whelmed by  the  importance  and  magni- 
tude of  the  subject  I  have  ventured  to 
touch. 

I  would  draw  your  attention  to  mat- 
ters of  health,  and  find  myself  inevita- 
bly pleading  for  everything  that  can  give 
life  value.  I  cannot  keep  clear  of  the 
moral  importance  of  the  subject.  I 
have  been  told  that  dirt,  over-crowding, 
drunkenness,  and  the  unnatural  fouling 
of  water  do  not  produce  an  aggravation 
of  the  death-rate,  even  when  combined  in 
all  the  concentrated  intensity  with  which 
they  rage  in  London.  Singularly 
enough,  though  I  am  not  at  all  pre- 
pared to  accept  the  conclusion,  I  had 
myself,  before  I  was  so  informed,  at- 
tributed to  a  coincident  neglect  of  the 
primitive  religious  obligation  of  cleanli- 
ness in  all  relations  of  life,  the  class  sel- 
fishness, the  party  strifes,  the  filthy 
clothing,  and  the  foul  habits  which  dis- 
grace so  huge  a  proportion  of  our  popu- 
lation. I  am  almost  afraid,  even  in  this 
assembly,  of  being  deemed  unpractical  if 
I  set  before  you  the  power  of  true 
knowledge  as  much  more  effective  than 
the  instrumentality  of  a  code  of  rules  ; 
but  my  effort  is   directed   precisely  to- 
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wards  this  object.  The  glory  of  man  is 
dependent  on  individuality,  and  we  can 
do  nothing  aright  if  we  ignore  this.  We 
may  get  work  done  and  we  may  create 
misery ;  we  may  degrade  man  and  we 
may  foster  vice  by  treating  him  as  droves 
of  cattle  are  treated ;  we  may  rule  and 
we  may  regulate  him ;  we  may  render 
him  almost  an  automaton  or  animal,  but 
we  can  never  by  this  means  elevate  him, 
never  benefit  him  ;  we  cannot  take  a  sin- 
gle true  step  towards  the  lasting  pros- 
perity of  the  nation  except  by  bringing 
home  to  him  his  own  individuality,  and 
his  personal  office  in  the  daily  duties  and 
functions  of  his  life.  I  hope  you  will 
not  deem  this  a  digression.  On  the  con- 
trary, the  facts  that  constitute  the  dan- 
ger of  its  being  so  regarded  constitute 
the  huge  barrier  in  the  way  of  all  real 
sanitary  amelioration.  If  once  you  real- 
ize that  man's  duty  is  to  work,  but  that 
it  is  his  privilege  and  his  right  to  be 
clean  in  his  person,  clean  in  his  clothing, 
clean  in  his  dwelling,  clean  in  the  clus- 
ters of  dwellings,  I  make  bold  to  say  the 
day  is  won,  the  victory  secured,  the 
triumph  of  science  Certain,  for  it  will  be 
carried  out  in  action. 

And  now  I  will  venture  to  add  but  one 
consideration  more  upon  this  head.  I,. 
for  my  own  part,  am  persuaded  that 
cleanliness  is  economical  and  filth  the 
foulest  wastefulness.  I  will  put  this 
very  generally.  Take  the  instance  of 
smoke,  which  I  have  not  touched  upon 
as  yet.  In  a  country  teeming  with  man- 
ufactures, compelled  by  reason  of  its  low 
temperature  to  maintain  an  exceptional 
amount  of  domestic  fuel  consumption, 
and  possessing  a  fuel  which  improperly 
applied  is  peculiarly  dirty,  no  arrange- 
ment could  well  be  devised  more  wanting 
in  cleanliness  than  suffering  the  per- 
petual escape  of  falling  smuts  sullying, 
smudging,  spoiling  everything  they 
touch,  and  lodging,  nestling  fixedly 
everywhere.  Our  houses  are  built  of 
rough-surfaced  material,  giving  all  pos- 
sible harbor  to  this  dirt.  But  all  that 
dirt  is  fuel  wasted,  the  product  of  misap- 
plication, destructive  to  substances,  and 
more  or  less  prejudicial  to  health. 
Again,  millions  of  tons  of  friable  mate- 
rial are  carted  at  enormous  costs  into  our 
streets,  to  be  ground  into  powder  by  our 
horses,  our  vehicles,  and  our  feet. 
Whilst  undergoing  this  process  it  is  im- 


pregnated with  animal  manure,  then 
wafted  round  about  ourselves  and  car- 
ried into  our  rooms  in  clouds  of  dust,  or 
it  is  watered  into  the  consistency  of  mud 
and  carted  off  again  at  a  repetition  of 
the  original  cost.  We  underlay  our 
streets  sewers,  drains,  connections,  gas 
and  water  pipes,  all  without  method, 
system,  or  protection,  and  so  add  as 
much  as  we  can  to  the  danger,  cost  and 
inconvenience  that  we  can  accumulate. 
When  rain  falls  we  are  in  sore  perplexity 
how  to  carry  it  off  in  subterranean  rivers, 
yet  we  cart  from  a  distance  every  drop 
of  water  that  is  used  to  prevent  our 
being  literally  choked  with  dust.  We 
employ  water  in  a  manner  of  which  it  is 
at  least  alleged  that  it  cannot  be  justified 
in  reflection,  yet  one  of  the  most  recent 
prominent  acts  of  this  Society  has  been 
to  point  out,  in  the  most  forcible  manner 
that  it  can,  that  the  whole  metropolis  is 
in  hourly  peril  of  conflagration  by  reason 
of  a  scarcity  of  water.  We  know  that 
under  the  most  favorable  circumstances 
town  air  cannot  rival  the  mountain 
breeze  in  purity,  but  we  construct  a  lab- 
oratory of  foul  gases,  and  distribute  the 
outcome  to  freshen  the  atmosphere  of 
towns.  We  have  abundant  evidence  that 
water  is  the  most  effective  known  means 
of  spreading  certain  phases  of  disease. 
Is  it  really  on  that  account  that  we  have 
rendered  compulsory  the  immersion  of 
the  putrescible  outcome  of  the  largest 
and  most  numerous  hospitals  in  the 
kingdom,  those  of  the  metropolis,  into 
water?  We  know  that  all  putrescible 
matter  forms  the  natural  fertilizer  of  and 
is  a  necessary  addition  to  earth.  Is  it 
really  on  that  account  that  we  decree  by 
legislative  enactment  to  throw  it  into 
water,  by  which  that  value  is  lost  ?  Now 
all  these  acts,  unjust  as  well  as  silly, 
arise  out  of  the  contempt  of  individual 
right  and  the  neglect  of  individual  duty. 
They  all  proceed  from  the  substitution 
of,  injunction  of  a  means,  and  of  direct 
action,  for  the  negative  commandment  of 
working  no  ill  or  prejudice  to  our  neigh- 
bor. 

I  have  stated  that  I  feel  it  impossible 
for  me  to  deal  at  all  exhaustively  with 
the  ramifications  of  the  subject  I  have 
brought  before  you.  My  difficulty  is 
two-fold.  First  the  abstract  difficulty  of 
even  enumerating  the  many  causes  at 
work  injuriously  to  affect  the  air  around 
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ml  our  water  supplies,  and  the  earth 
on  which  we  tread.  Secondly,  I  desire 
especially  to  avoid  on  the  present  occa- 
sion falling  in  any  way  Into  the  error  1 
condemn,  that,  namely,  o\'  assuming  any 
particular  modes  of  dealing  with  any 
portions  of  these  subjects  to  be  perfect, 
and  then  pronouncing  it  to  be  so.  My 
object,  on  the  contrary,  is  to  induce  not 
only  the  fullest  and  most  convincing  pro- 
of investigation  possible,  but  also 
that  the  force  of  influence  which  such 
Btigation  may  tend  to  give  to- partic- 
ular methods  may  be  diffused  as  widely 
as  is  possible.  I  should,  however,  deal 
with  even  this  province  very  unsatisfac- 
torily and  imperfectly  if  I  failed  to  give 
you  any  evidence  whatever  of  the  wide 
divergence  of  opinion  that  now  prevails, 
or  of  the  comprehensive  range  of  the 
questions  to  be  dealt  with. 

Let  me  then  adduce  the  example  of  a 
single  dwelling  placed  in  the  area  occu- 
pied by  a  concentrated  population*;  that 
is  to  say,  I  take  as  an  example  a  house 
in  a  street  in  a  town.  I  have  spoken  of 
air,  water,  and  earth,  but  at  once  another 
indispensable  requirement  intrudes. 
There  must  be  heat.  Beginning  at  the 
basement  there  are  two  alternatives, 
radically  contrary  the  one  to  the  other, 
that  first  suggest  themselves.  Shall  the 
basement  contain  furnaces  or  drains  ? 
Shall  it  be  underlaid  with  heating  ap- 
paratus, or  with  encased  liquids  and 
gases ;  dry  or  damp  ?  Endangered  or 
absolutely  safe  in  respect  of  gaseous 
emanations  and  foul  smells  ?  Shall  the 
heat  be  diffused  by  insensible  and  active 
or  by  present  and  inactive  arrangements  ? 
Shall  there  be  fireplaces  in  each  room 
and  chimneys,  or  an  equable  heat  and 
one  chimney?  Shall  the  exterior  be 
washed  or  not  ?  Of  porous  or  impervi- 
ous material?  Shall  putrescible  sub- 
stances be  thrown  into  water,  or  shall 
other  arrangements  be  adopted  ?  If  the 
former,  how  is  the  putrid  fluid  to  be 
dealt  wdth  ?  In  bulk,  or  on  the  premises  ? 
If  the  latter,  wdiat  are  the  arrangements 
to  be  ?  Shall  house  slops  be  cleansed  in 
bulk  or  in  detail  ?  Shall  all  slops  be 
thrown  together,  or  be  collected  accord- 
ing to  their  characteristics?  Shall  each 
house,  if  not  each  room,  be  dealt  with 
separately  and  distinctively,  or,  is  it, 
under  certain  conditions  better  to  deal 
with  blocks,  rows,  and  houses  in  the  ag- 


gregate, both  as  to  warming  and  waste 

waters?  If  water  be  not  employed  as  a 
carrier,  how  are  substances  usually  con- 
veyed by  water  to  be  removed  !  If  it  is 
employed,  by  what  menus  is  its  republi- 
cation to  be  attained  .; 

Then  as  to  a  street.  What  is  the  best 
way  of  disposing  of  gas  and  water  pipes 
and  telegraphic  wire  so  as  to  avoid  per 
petual  tearing  up?  Which  is  the  best 
pavement  for  foot-passengers  }.  What  is 
the  best  substance  for  a  roadway  ' 
What  are  the  proved  characteristics  and 
the  known  cost  of  each  foot  of  roadway 
material''  Is  it  desirable  to  consider  a 
separate  material  for  equestrians  as 
much  as  in  recent  centuries  footways 
have  been  introduced?  Are  trees  and 
shrubs  so  beneficial  as  active  sanitary 
agents  that  their  introduction  should  be 
looked  upon  as  desirable  wherever  possi- 
ble ?  Should  the  rain  water  which  falls 
upon  the  streets  be  collected  through 
street  filters  and.be  elevated  into  reser- 
voirs for  purposes  of  street  and  exterior 
house  washing  and  watering,  for  foun- 
tains and  other  purposes,  or  be  hurried 
away  in  a  conglomerate  of  mud  as  hastily 
as  may  be  possible?  Is  dust,  the  dry 
refuse  of  impregnated  mud,  injurious  to 
health  or  not?  Is  it  preventible  by 
other  means  than  mud  puddling  ? 

These  are  but  samples  of  the  simplest 
form  of  questions  that  arise,  and,  with 
the  reiteration  of  my  conviction  of  how 
very  small  a  portion  of  the  subject  after 
all  they  touch  if  I  were  to  offer  them  as 
exhaustive,  I  am  compelled  to  leave 
them.  I  have  not  so  much  as  touched 
on  overcrowding,  which  is  a  moral  rather 
than  a  structural  evil.  Still  I  may  safely 
say,  that  what  I  have  brought  forward  is 
important  and  I  have  only  to  show  you 
farther  how  wide  is  the  divergence  of 
opinion  that  is  now  advanced  in  regard 
to  some  of  the  questions. 

In  opposition  to  the  optimist  views  to 
wdiich  I  have  referred,  I  will  first  take  at 
random  the  expressions  of  opinion  re- 
cently delivered  when,  on  the  invitation 
of  the  Council  of  the  Royal  United  Ser- 
vice Institution,  I  invited  the  attention 
of  that  institution  to  some  suggestions 
for  sanitary  improvement  in  barracks, 
camps,  and  hospitals.  The  chairman, 
Surgeon-General  Mouatt,  V.C.,  C.B., 
said,  "For  my  own  part  1  cannot  see  any 
practical  solution."     It  would  be  difficult 
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to  adduce  testimony  more  decided  in 
favour  of  the  formation  of  the  organiza- 
tion now  proposed  to  you.  Surgeon- 
General  Gordon,  C.B.,  said,  "  It  strikes 
me  that  we  have  not  quite  arrived  at  that 
state  of  knowledge  when  we  can  bring 
forward  our  opinions  as  definite.  When 
infection  enters  it  is  too  late  to  apply  dis- 
infectants. There  is  an  infection  that  is 
communicable  by  water,  there  is  an  in- 
fection that  is  communicable  by  air,  and 
there  is  an  infection  that  is  communica- 
ble by  both  air  and  water."  Col.  St.  Leger 
Alcock  stated  of  a  poor-law  union,  "At 
night,  after  the  doors  were  shut,  the 
bad  air  [?  ventilation]  that  came  up 
through  the  sewers  was  perfectly  intoler- 
able." He  added,  with  regard  to  a  lec- 
ture on  sanitary  subjects,  that  a  poor 
woman  said,  "  I  have  lost  eight  children. 
Had  I  known  what  I  have  heard  this  day, 
I  do  not  think  I  should  have  lost  one." 
Referring  to  the  small-pox  hospital  at 
Hampstead,  he  further  said,  "The  objec- 
tion that  it  would  bring  the  disease 
into  the  neighborhood  was  looked  upon 
as  almost  frivolous ;  but  it  did.  There 
was  communication  through  the  sewers 
between  the  houses  and  the  hospital." 

Colonel  Murray,  late  of  the  War  Office 
and  Home  District,  and  now  commanding 
Royal  Engineers  in  Ireland,  limited  him- 
self to  saying  he  was  at  his  own  wit's 
end.  He  is,  I  am  persuaded,  a  very  fair 
sample  of  many  thousands  ready  to  wel- 
come the  operations  of  the  organization 
suggested  to  us,  if  only  they  be  adequate- 
ly conducted.  He  did  say,  explicitly,  "  I 
shall  be  very  thankful  if  anyone  can  give 
apian  which  maybe  applied  in  practice." 
On  the  other  hand,  Mr.  R.  Rawlinson, 
C.B.,  took  a  completely  opposite  view. 
On  the  occasion  in  question,  I  advocated 
the  agency  of  fire,  after  the  application 
of  charcoal,  for  the  destruction  of  germs 
of  infectious  disease.  Mr.  Rawlinson  ex- 
pressed his  views  at  considerable  length, 
and  I  understood  them  as  totally  adverse 
to  that  opinion.  I  also  understood  him 
to  say  that  the  subject  was  exhausted,  and 
all  knowledge  attained.  However  this 
may  be,  he  stated  that  he  had  "never 
heard  more  fallacies  crowded  into  the 
same  space  of  time ;  "  that  water  did  not 
give  off  impurity  by  evaporation  to  an 
injurious  extent ;  and  he  added  that  Lon- 
don with  its  lanes  and  alleys,  and  houses 
six  and  seven  stories  high,  crowded  from 


top  to  bottom,  life  of  the  least  possible 
value,  health  with  the  least  possible 
chance,  inhabited  by  gin-drinkers  and 
foul  livers  of  all  kinds,  had  a  death  rate 
of  only  from  22  to  26  per  1,000.  So  im- 
pressed with  the  fallacies  of  the  paper 
and  the  danger  of  any  weight  being  at- 
tached to  it  was  Mr.  Rawlinson,  that  he 
closed  his  remarks  with  this  singular 
sentence,  "  The  paper  is  not  one  I  can 
accept,  and,  in  fact,  if  I  did  accept  it,  I 
should  so  incriminate  myself  that  my 
next  business  would  be  to  go  and  jump 
into  the  Thames  and  drown  myself." 
Surely  this  is  carrying  partiality  for 
Thames  water,  even  in  its  present  condi- 
tion, too  far.  He  has  added  to  his  remarks 
made  at  the  time  the  following  note  in 
the  Institution's  Journal^  "General  Synge 
said  that  fire  would  alone  destroy  the 
germs  of  disease ;  but  an  ordinary  fire 
will  not  do  this.  Experiments  have  shown 
that  a  considerable  percentage  of  gases 
pass  into,  and  through,  a  furnace  fire, 
unconsumed  up  the  chimney,  and  to  the 
open  air." 

There  is  another  strong  evidence  of  the 
value  which  will  attach  to  our  proposed 
organization,  and  to  the  necessity  for  it. 
I  do  not  mean  merely  rescuing  Mr.  Raw- 
linson from  the  fate  he  somewhat  need- 
lessly invoked  off  Barking  Creek,  but  I 
refer  to  the  refutation,  on  his  so  gener- 
ally accepted  authority,  of  a  common 
enough  idea  that  noxious  vapors  passed 
up  a  chimney  become  innocuous.  If  I 
am  not  mistaken,  short  of  whatever  heat 
may  have  been  in  the  chimney  in  ques- 
tion, this  is  precisely — the  heat  element, 
however,  being  altogether  omitted — the 
theory  of  sewer  ventilation  by  shafts ! 

On  the  occasion  in  question,  however, 
I  did  not  refer  to  ordinary  fires,  but  to 
distillation  and  destructive  combustion 
in  red-hot  closed  retorts,  and  as  I  do  not 
pretend  to  any  scientific  knowledge  what- 
ever upon  the  subject  personally,  I  had 
simply  confined  myself  to  the  chemical 
papers  of  the  discoverer,  and  to  the  med- 
ical testimony  of  the  health  officer  of 
Glasgow,  as  well  as  that  of  Dr.  Andrew 
Feargus  of  the  same  city.  I  had  known 
their  opinion,  given  for  the  express  pur- 
pose, to  have  been  acted  upon,  and  I  take 
from  the  substance  of  letters  expressly 
addressed  to  me  on  the  subject  by  Dr. 
Russell  the  health  officer,  and  by  Dr. 
Andrew  Feargus,  the  following  unquali. 
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fied  statements.  Dr.  Andrew  Feargus 
says  that  the  water-carriage  system  causes 
decomposition  injurious  to  health,  and 
very  much  increases  the  power  of  infec- 
tious matter  to  spread  disease;  also  that, 
on  the  contrary,  a  chemical  treatment, 
which  he  goes  on  to  specify,  and  which 
consists  simply  in  the  application  of  char- 
coal, renders  decomposition  impossible, 
and  meets  every  sanitary  requirement. 
Dr.  Russell  says,  "  No  hospital  should 
discharge  into  public  sewers,"  and  adds 
with  reference  to  the  system  I  had  seen, 
approved  and  recommended  with  particu- 
lar reference  to  hospitals,  that  "  it  would 
answer  perfectly,  and  attain  the  end  of 
destroying  the  possibility  of  infection 
spreading  from  hospitals  in  the  manner 
referred  to." 

The  testimony  of  Mr.  Simon  as  to  the 
preventibility  of  many  forms  of  disease  is 
probably  known  to  you  all.     He  says  : — 

"  It  cannot  be  too  distinctly  understood 
that  the  person  who  contracts  cholera  in 
this  country  is,  ipso  facto,  demonstrated 
with  almost  absolute  certainty  to  have 
been  exposed  to  .  .  .  pollution  .  .  .  that 
the  diffusion  of  cholera  depends  entirely 
.  .  .  upon  the  numberless  filthy  facilities 
for  fouling  earth,  and  air  and  water,  and 
for  the  infection  of  man.  Sodden  earth, 
reeking  air,  tainted  water — these  are  for 
us  the  causes  of  cholera." 

Cholera,  however,  is  but  one  of  many 
kindred;  diptheria  has  not  been  epi- 
demic till  water  was  misapplied.  Dr. 
Richardson's  table  of  diseases  from  or- 
ganic poisons  adds  thirteen  others  to  the 
list.  "It  is  to  be  hoped,"  says  Mr. 
Simon,  "  this  sort  of  thing  will  come  to 
an  end,  that  so  much  preventible  death- 
rate  will  not  always  be  accepted  as  fate, 
that  for  a  population  to  be  poisoned  by 
its  own  art  will  be  deemed  ignominious 
and  intolerable." 

There  only  remains  for  me  now  to  sub- 
mit, for  your  adoption,  as  I  trust,  the 
principles  of  the  following  programme. 
I  have  intentionally  drawn  them  compre- 
hensively, so  as  to  embody,  as  far  as  pos- 
sible, principles,  only,  leaving  the  detail 
of  arrangement  to  be  framed  by  a  sub- 
committee which  might  be  appointed  to 
consider  the  matter,  and  to  final  adoption 
by  the  Society  on  the  recommendation 
of  its  Council.  The  following  is  the  pro- 
gramme I  would  suggest : — 

1.  The  Society  of  Arts,  impressed  with 


the  importance  of  the  subject,  forma  a 
Section  for  the  special  purpose  of  the 
promotion  of  Sanitary  Science. 

2.  It  invites,  through   the  Lords-Lieu 
tenant  of  Counties,  the  formation  of  Aux- 
iliary Associations  in  every  county  and 
shire  of  the    United    Kingdom    for   the 
same  object. 

3.  It  proposes  that  these  be  incorpor- 
ated with  the  Society. 

4.  It  recommends  the  formation  of 
Societies  for  the  same  purpose  in  all  the 
several  parts  of  the  empire. 

5.  It  will  communicate  with  this  object 
with  her  Majesty's  Secretary  of  State  for 
the  Colonies,  with  a  view  of  bringing  the 
efforts  of  this  Society  before  the  several 
parts  of  the  empire,  through  such  chan- 
nels as  in  the  several  cases  the  govem- 
ers,  for  the  time  being,  of  her  Majesty's 
possessions  may  recommend. 

6.  It  will  make  known  its  action  in 
these  respects  to  her  Majesty's  Secretary 
of  State  for  Foreign  Affairs,  and  will  re- 
quest suitable  opportunities  for  inviting, 
through  the  channel  of  her  Majesty's  em- 
basses,  legations  and  consulates,  the  co- 
operation of  such  bodies  as  may  be 
formed  in  foreign  countries  for  similar 
purposes. 

7.  The  primary  object  of  the  Section 
shall  be  to  promote  the  improvement  of 
all  arrangements  affecting  the  health  of 
populations  in  respect  of  the  vitiations  of 
the  atmosphere,  of  water  supplies  and  of 
soil,  which  are  incident  to  human  and 
industrial  existence. 

8.  The  Section,  in  strict  subjection  to 
the  Society,  is  purely  honorary,  and  will 
not  in  any  way  connect  itself  with  any 
commercial  undertaking  which  may  arise 
out  of  its  action  or  otherwise. 

9.  It  will,  however,  investigate  proposals 
for  attaining  any  of  the  objects  for  which 
it  is  constituted,  whether  or  not  they  be 
brought  forward  commercially,  and  the 
Society  will,  upon  the  recommendation 
of  the  Section  approved  by  the  Council, 
grant  gold  and  silver  medals  and  diplo- 
mas of  merit,  signifying  distinct  appro- 
val, and  these  shall  be  accompanied  by 
letters,  specifying  the  grounds  on  which 
such  recommendations  and  approval  are 
are  made  and  given. 

10.  The  Council  of  the  Society  will 
apply  to  her  Majesty's  Commissioners 
for  the  Annual  International  Exhibition 
to   make  permanent  the  display  of   en- 
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gineering  and  architectural  appliances 
which  form  a  feature  of  this  year's  Ex- 
hibition. 

11.  They  will  also  suggest  to  her  Ma- 
jesty's Commissioners  for  the  Annual  In- 
ternational Exhibition,  that  arrangements 
be  made  at  once  to  enable  exhibitors  of 
such  appliances  this  year  to  deliver  such 
explanations  of  the  several  objects  they 
exhibit  as  can  be  illustrated,  with  the 
advantage  of  the  examples  upon  the 
ground. 

12.  They  will  suggest  that  this  arrange- 
ment also  be  made  permanent,  in  so  far 
as  they  may  relate  to  any  novelty  here- 
after introduced,  ot  of  such  features  as 
it  may  be  deemed  desirable  should  be 
continuously  made  known. 

I  may  briefly  add  that  this  draft  and 
the  outline  of  the  scheme  on  which  it  is 
based  have  grown  out  of  a  special  effort 
which  I  undertook  individually,  owing  to 
the  convictions  of  nearly  my  life-time,  but 
which  I  deemed  might  at  length  be 
brought  forward  successfully  when  the 
attention  of  the  country  was  momenta- 
rily concentrated  upon  the  subject,  owing 
to  the  terrible  calamity  with  which  it  was 
threatened  in  the  alarming  illness  of  the 
heir  apparent  to  the  throne,  the  patron 
of  art,  and  the  approver  of  science — his 
Royal  Highness  the  Pince  of  Wales.  My 
energies  were  fully  aroused,  and  my 
hesitation  ended  by  a  case  of  blood-poi- 
soning which  occurred  at  nearly  the  same 


time  in  the  house  of  a  very  near  relative 
of  my  own.  My  occupations  interfered 
with  my  giving  the  indispensable  atten- 
tion to  all  the  details  necessary  to  work- 
ing out  this  object  independently ;  but, 
without  troubling  you  with  a  list  of 
names,  or  parading  the  influential  en- 
couragement by  which  I  was  supported, 
I  will  only  say  that  I  was  fully  convinced 
the  proposal  needed  only  to  be  suitably 
launched  to  meet  with  ensured  success, 
and  to  attain  in  a  great  degree  many  of 
its  objects.  This  step,  I  trust,  has  been 
gained  to-night.  At  all  events,  my  thanks 
are  due,  and  are  most  heartily- given  to 
the  Council  of  our  Society,  which  has 
favored  me  with  the  present  opportunity 
of  bringing  the  subject  under  your  con- 
sideration. I  trust  that  you  will  join  in 
these  grateful  acknowledgments,  and  ap- 
prove the  course  which  I  propose.  With 
regard  to  the  imperial  and  foreign  socie- 
ties for  similar  objects  to  which  I  have 
referred,  I  will  only  add  that  I  have  rea- 
son to  hope  that  the  action  the  Society 
may  take  will  be  warmly  supported  and 
readily  followed.  In  the  Austrian  empire 
more  particularly  my  communications 
have  met  with  a  very  kind  and  appre- 
ciative response.  Not  only  has  the  nu- 
cleus of  such  an  organization  been  al- 
ready formed  in  that  empire,  but  I  actu- 
ally received  solicitations  for  permission, 
on  the  part  of  noblemen  of  distinction  in 
that  country,  to  become  subscribers  to 
any  effort  that  might  be  organized  here. 


ON  THE  REMOVAL  OF  PHOSPHORUS  AND  SULPHUR.* 

By  GEOKGE  J.  SNELUS,  A.R.S.M.,  F.C.S.,  &c. 
From  "  Engineering." 


In  speaking  of  the  elimination  of  phos- 
phorus during  the  puddling  process,  Dr. 
Percy,  in  his  well  known  work  on  iron 
and  steel,  suggests  that  probably  the 
phosphorus  is  eliminated  by  a  process  of 
liquation  of  fluid  phosphide  of  iron 
from  the  pasty  puddled  ball.  It  may  be 
worth  while  to  quote  the  exact  words, 
which  are  as  follows:  "Hence  it  is  clear 
that  by  the  direct  action  of  the  oxygen 
of  the  air  upon  molten  pig  iron,  or  even 

*  Paper  read  before  the  Iron  and  Steel  Institute. 


molten  malleable  iron,  phosphorus  is  not 
eliminated  in  a  sensible  degree.  To 
what,  then,  are  we  to  ascribe  the  opposite 
result,  which  occurs  in  the  process  of 
puddling,  in  which  there  is  powerful  ox- 
idising agency  at  work?  Is  it  due  to  the 
effect  of  the  liquid  cinder?  Although  I 
cannot  answer  these  questions  in  a  satis- 
factory manner,  yet  I  will  venture  upon 
a  conjecture  which  I  have  long  regarded 
as  at  least  plausible. 

"In  the  puddling  furnace,  the  iron,  as 
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tines  to  nature'  separates  in  a  semi- 
solid or  somewhat  pasty  state,  and  is  not 
molten,  as  it  is  in  Bessemer's  process,  the 
temperature  in  the  former  case1  being 
much  below  that  in  the  latter,  in  which 
intense  beat  is  developed  by  the  actual 
combustion  of  iron.  Owing  to  the  form- 
ation and  persistency  of  these1  pasty 
lumps  in  the  puddling   furnace,  which, 

when  collected  into  balls,  extend  con- 
siderably above   the1   surface  of   the1    bath 

of  cinder,  opportunity  is  afforded  for  the 
liquation  or  sweating  out  of  any  fusible 

compounds  of  iron  such  as  phosphide: 
and  it  is  in  this  manner  that  I  conceive 
the  removal  of  the  phosphorus  may  in 
a  great  measure  be  effected." 

Other  writers  upon  the  subject  have 
adduced  various  causes  to  account  for 
the  remarkable  fact  that  has  been  so  long 
pted  as  an  axiom,  that  phosphorus 
could  be  almost  perfectly  removed  by 
the  puddling  process,  and  not  at  all  in 
tla  Bessemer  converter;  but  I  am  not 
aware  of  any  writer  who,  up  to  the  time 
I  made  my  statement  at  our  London 
meeting  last'  year,  had  publicly  ma^e 
known  that  the  elimination  of  phospho- 
rus in  the  pneumatic  process  depended 
entirely  upon  the  basic  nature  of  the 
slag. 

I  was  led  to  doubt  the  correctness  of 
Dr.  Percy's  hypothesis  during  my  stud- 
ies of  the  puddling  and  refinery  process- 
es at  Dowlais,  and  when  I  came  to  study 
the  reactions  which  occurred  in  the 
Danks  process,  the  particulars  of  which 
were  laid  before  this  Institute,  I  was 
struck  by  the  fact  that  a  good  deal  of  the 
phosphorus  was  eliminated  while  the  iron 
was  in  a  fluid  state.  I  communicated 
this  observation  to  Dr.  Percy  in  March, 
1872,  and  at  the  same  time  told  him  that 
I  believed  I  had  discovered  why  this  oc- 
curred. 

On  comparing  analyses  of  iron  and 
slags  at  different  stages  during  the  pro- 
cesses of  Welsh  refining,  puddling  and 
Bessemer  converting,  I  had  previously 
noticed  that  while  the  phosphorus  was 
comparatively  easily  removed  in  puddling, 
variable  but  generally  small  amounts 
were  removed  in  refining,  and  none  at 
all  in  converting,  even  if  the  iron  were 
considerably  overblown.  A  comparison 
of  the  slags  from  the  three  processes  | 
showed  that  while  that  from  the  pud- 
dling process  was  highly  basic,  that  from 


the  refinery  was  less  basic,  and  1  li.it  from 

the   converter   highly   silicious.     1   also 

noticed  that  if  a  silicious  fettling  were 
used  in  the  puddling  furnace,  or  a  very 
Silicious  pig  iron  used,  the  resulting  metal 

was  Inferior;  and  hence  while  at  Dowlais 

1  strove  to  get  a  lion  silicious  pig  for 
puddling  and  a  non  silicious  ore  for  fett- 
ling, and  strongly  reccommending  for 
this  purpose  the  Campanil  ore  from  So- 
morostro.  Foi  similar  reasons,  when 
consulted  some  years  ago  by  Mr.  Jenkins, 
of  Consett,  about  the  difficulty  then 
experienced  in  keeping  his  iron  for  plates 
free  from  red-shortness,  I  advised  the 
use  of  a  manganiferous  ore  moderately 
from  silica,  which  has,  I  believe, 
been  used  with  success  ever  since. 

It  is  a  well-known  fact  that  silica  is  a 
much  stronger  acid  than  phosphoric  acid, 
and  that  it  will  displace  the  latter  from 
combination  at  high  temperatures,  and 
sonsequently,  unless  the  .silica  is  thor- 
oughly saturated,  there  will  be  no  base 
for  the  phosphoric  acid  to  combine  with, 
and,  therefore,  in  contact  with  metallic 
iron  at  high  temperatures  it  will  be  re- 
duced as  fast  as  made,  if,  indeed,  the 
phosphorus  is  oxidised  at  all  under  these 
conditions.  These  considerations  led 
me  to  believe  that  phosphorus  was  re- 
moved in  all  proccesses  just  in  propor- 
tion to  the  basic  nature  of  the  slag. 

Having  these  facts  before  me,  early  in 
1872  I  considered  how  I  could  obtain 
invariably  a  highly  basic  slag  in  the  Bes- 
eemer  converter,  and  I  saw  clearly  that 
to  obtain  this  result  it  was  absolutely 
necessary  to  line  the  vessel  with  a  basic 
or  neutral  material,  and  that  no  success 
could  be  expected  so  long  as  it  was  lined 
with  ganister  or  any  material  containing 
a  large  proportion  of  silica.  Carbon  oc- 
curred to  me  as  an  infusible  neutral  sub- 
stance, suitable  in  so  far  as  it  would  not 
affect  injuriously  any  lime  or  other  oxide 
that  might  be  added  to  form  a  basic 
slag,  but  it  had  other  serious  drawbacks 
Oxide  of  iron  alone  was  too  fusible  to. 
stand  the  intense  temperature  of  the 
blow.  While  thinking  over  these  things, 
I  was  fortunate  enough  to  make  the  ob- 
servation that  certain  kinds  of  lime, 
when  submitted  to  yery  intense  heat, 
became  indurated  and  converted  into  a 
form  in  which  they  were  no  longer  acted 
upon  by  water.  The  observation  was 
made  while  performing  the  experiment 
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recorded  on  page  249,  vol.  ii,  of  the 
Institute  Journal  for  1872.  I  had  used 
a  lime  crucible  for  the  experiment, 
which  was  to  prove  the  power  of  free 
silicon  to  reduce  oxide  of  iron.  The 
crucible,  embedded  in  lime,  was  sub- 
mitted to  the  most  intense  heat  of  the 
Siemens  steel-melting  furnace  at  Dowlais. 
After  the  experiment,  I  noticed  that  the 
lime  crucible  had  turned  brown,  and  was 
no  longer  alkaline  to  the  taste,  while  at 
the  same  time  it  was  quite  hard  and 
stony  in  character,  and  absolutely  un- 
affected by  water.  It  at  once  occurred 
to  me  that  lime  in  some  form  or  other 
was  the  material  I  was  in  search  of  for 
lining  the  converter.  The  well-known 
fact  that  it  does  not  do  to  burn  lime  at 
too  high  a  temperature  if  it  is  to  be 
caustic  also  occurred  to  me.  This  is 
known  to  be  particularly  the  case  with 
magnesian  limestones.  Hence  I  speci- 
fied magnesian  limestone  particularly. 
From  some  experiments  I  made  shortly 
afterwards,  I  found  that  it  was  possible 
to  make  bricks  out  of  lime  or  limestone, 
provided  that  when  lime  was  used  it  was 
crushed,  quickly  compressed,  and  fired 
before  it  had  time  to  absorb  moisture, 
but  it  required  intense  temperature  to 
consolidate  them,  particularly  if  the  lime 
was  very  pure,  while  a  small  quantity  of 
oxide  of  iron  or  other  fusible  base  facili- 
tated this.  If  lime  was  used,  it  was  nec- 
essary to  be  well  burnt  first,  otherwise 
the  material  was  not  porous  enough  to 
allow  the  small  quantity  of  carbonic 
acid  to  escape  without  breaking  up  the 
brick.  Finding,  however,  that  crushed 
limestone  lent  itself  with  considerable 
facility  to  such  a  purpose  as  lining  a  con- 
verter, being  plastic  and  binding  when 
moist — like  clay,  in  fact — it  occurred  to 
me  to  use  it  in  this  form,  and  to  fire  the 
vessel  at  a  very  high  temperature.  This 
was  comparatively  easy  to  do  in  a  small 
converter,  but  I  found  considerable  diffi- 
culty when  I  came  to  try  a  7-ton  con- 
verter. There  did  not  appear  to  be  any 
difficulty  in  forming  a  fusible  slag  in  a 
vessel  lined  with  lime,  since  this  base 
combines  with  an  excess  of  oxide  of  iron 
to  form  a  fusible  ferrate  of  lime.  It  was 
only  necessary  if  the  waste  of  iron  dur- 
ing tfoe  blow  were  insufficient  to  provide 
the  necessary  oxide  of  iron  to  form  a 
fusible  slag  free  from  silica,  to  add 
oxide  of  iron  specially,  to  which  course 


there  could  be  no  objection,  while  the 
presence  of  the  oxide  of  iron  would 
doubtless  be  advantageous  in  other 
ways.  At  the  same  time,  liine  being  a 
basic  body,  would  not  be  so  readily  acted 
upon  by  the  oxide  of  iron  as  a  silicious 
body  would  be. 

Following  up  these  conclusions,  I  made 
several  blows  in  a  small  (2  cwt.)  movable 
converter  soon  after  I  went  to  the  West 
Cumberland  Works.  The  results  of 
these  experiments  I  have  shown  to  many 
private  friends,  and  I  have  now  the  pleas- 
ure to  lay  the  details  before  the  Iron  and 
Steel  Institute.  The  results  with  the 
small  vessel  were  very  satisfactory,  as 
will  be  seen  by  reference  to  the  analyses, 
and  there  can  be  no  doubt  as  to  the  per- 
fect elimination  of  phosphorus  and  sul- 
phur when  the  slag  is  kept  thoroughly 
basic.  In  order  that  there  might  be  no 
doubt  on  the  subject,  I  lined  the  same 
small  vessel  with  the  ganister  in  the 
usual  way,  when  I  found  that  the  phos- 
phorus refused  to  leave  the  metal,  just  as 
in  the  ordinary  converter.  I  therefore 
patented  the  use  of  lime  and  limestone, 
magnesian  or  otherwise,  in  all  the  various 
forms  in  which  it  occurred  to  me  that  it 
was  possible  to  use  it,  for  "the  lining  of 
all  furnaces  in  which  metals  or  oxides  are 
melted  or  operated  upon  while  fluid,"  and 
I  especially  called  attention  to  its  use  in 
the  Bessemer  converter,  giving  some  de- 
tails of  the  results  of  its  use  under  these 
circumstances.  I  was  perfectly  well 
aware  that  limestone  had  been  used  years 
ago  for  lining  the  sides  of  puddling  fur- 
naces, but  its  use  for  this  purpose  was  a 
very  different  thing,  because  the  metal  in 
the  puddling  furnace  does  not  remain 
fluid  at  the  end  of  the  operation,  for 
which  reason  it  did  not  answer  satisfac- 
torily, and,  as  is  well  known,  its  use  for 
this  purpose  is  almost  entirely  discarded. 
I  felt,  however,  that  although  I  had  found 
the  solution  of  the  problem,  so  long  and 
anxiously  looked  for,  that  my  plans  re- 
quired to  be  tried  on  a  larger  scale  be- 
fore they  were  fully  laid  before  the  pub- 
lic, not  because  there  could  be  any  ques- 
tion that  the  same  chemical  action  that 
succeeded  with  one  or  two  cwt.  of  metal 
was  likely  to  be  reversed  when  operating 
upon  tons,  but  because  I  felt  that  there 
were  many  points  of  detail  that  would 
require  to  be  worked  out.  These  details 
have  been  filled  up  by  subsequent  work- 
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ers,  but  it  is  gratifying  to  me  that 
the  complete  success  now  attained  fol- 
lows so  closely  some  of  the  lines  then 
laid  down.  I  shall  doubtless  be  asked 
why  I  did  not  at  once  follow  up  my  dis- 
covery and  put  my  plans  into  practice. 
My  answer  is  that  I  had  just  taken  the 
management  of  a  concern,  the  interests 
d(  which  were  opposed  to  the  solution  of 
this  problem,  and  therefore  having  se- 
cured the  ground  by  patent,  I  was  com- 
pelled to  wait  a  more  favorable  oppor- 
tunity for  putting  my  plans  into  practice. 
There  was  also  a  good  deal  of  scepticism 
amongst  those  interests  as  to  the  possi- 
bility of  solving  the  problem,  and  none 
seemed  to  care  to  take  it  up.  The  de- 
tails of  my  experiments  are  as  follows: 

In  the  iirst  blow  the  converter  was 
lined  with  ground  limestone  in  a  plastic 
state  and  fired  at  as  high  a  temperature 
as  possible  for  a  considerable  time.  A 
small  cupola  was  also  lined  in  the  same 
way.  About  2  cwt.  of  Middlesbrough 
pig  iron,  in  which  the  phosphorus  was 
about  1£  per  cent.,  was  melted  in  the 
cupola,  then  run  into  the  converter  and 
blown  in  the  usual  way.  The  metal  blew 
well  and  some  spiegel  was  added  at  the 
end  of  the  blow,  which  accounts  for  the 
rather  hard  carbon  in  the  steel.  On 
analysis  the  resulting  steel  was  found  to 
contain : 


Iron,  97.842  per  cent. 
Carbon,  .8 
Silicon,  trace 
Sulphur,  trace 
Phosphorus,  .018 


First  Sample  of  Metal. 


"While  the  slag  con- 
tained : 
Silica  (over)  6.0 
Lime,  not  estimated 
Phosphoric  acid,  3.2 
per  cent. 

In  order  to  try  whether  sulphur  could 
be  removed  at  the  same  time,  a  second 
blow  was  made  in  the  same  apparatus,  a 
quantity  of  melted  mottled  hematite  be- 
ing run  into  the  converter,  and  lumps  of 
grey  Cleveland  pig  were  thrown  in  with 
it  to  afford  additional  silicon.  In  order 
to  trace  the  reactions  which  took  place, 
samples  of  metal  and  slag  were  taken 
from  the  converter  during  the  blow  and 
submitted  to  careful  analysis.  The  metal 
was  scarcely  fully  blown,  as  will  be  seen 
from  the  final  sample.  Those  taken  dur- 
ing the  blow  yielded  the  following  re- 
sults : 

(See  Table  on  following  column.) 

It  will  be  noticed  that  the  silica  in  the 
slag  is  rather  high  in  this  case,  and  that 
the  imperfectly  blown  sample  No.  3  has 


Iron 

Carbon  — .' 

Silicon 

Sulphur 

Phosphorus. 


3.0 

.346 
.864 


Second        Third 
Sample  of   Sample  of 
Metal.  Metal. 


98.29 
1.25 
.11 
.274 
.814 


.66 
.042 
.169 
.231 


CORRESPONDING    SLAGS. 


Fe808 

FeO 

Silica 

Lime 

Phosphoric  acid 
Sulphur 


12.1 

23.8 

41.9 

44.8 

25.0 

14.8 

, . 

2.3 

7.25 

3 

.352 

7.1 
39.2 
19.2 
24.0 

7.0 
.512 


not  quite  lost  all  its  phosphorus  and  sul 
phur.  The  gradual  diminution  of  these 
elements,  however,  is  very  conspicuous, 
and  no  doubt  the  fully-blown  sample 
would  have  been  sufficiently  pure  for 
ordinary  purposes.  The  third  blow  was 
made  from  a  mixture  that  was  tolerably 
free  from  phosphorus  and  sulphur  to  be- 
gin with,  in  order  to  see  whether  it  was 
possible  to  remove  the  last  traces  of  these 
elements.  This  was  a  very  perfect  blow, 
lasting  just  fifteen  minutes,  and  the  exact 
times  at  which  the  samples  were  taken 
were  noted.  Further,  in  order  to  test 
the  steel,  some  of  the  fully  blown  metal 
was  melted  in  a  crucible  with  6  per  cent, 
spiegel,  and  tested  in  various  ways. 

Third  blow.—  About  100  lbs.  No.  2 
Bessemer  pig  and  30  lb.  grey  Cleveland 
were  melted  together,  and  then  blown  in 
the  same  vessel. 

(See  Table  on  following  page.) 

The  full  blown  metal  was  fluid,  and  set 
moderately  sound.  It  forged  and  rolled 
well,  and  could  be  easily  welded. 

It  stood  hot  and  cold  tests  well. 

A  larger  vessel  was  then  prepared,  and 
about  one  ton  of  highly  manganiferous 
pig  blown  in  it,  containing  about  0.3  per 
cent,  phosphorus. 

And  the  slag  contained : 
Iron    ,     .     .     36.7 
Silica       .    .     12.65 
Lime  .     .     .     28.2 
Phosphorus         .519 

The  metal  at  the  end  of  this  blow  was 
perfectly  fluid,  and  the  lining  of  the  ves- 
sel remarkably  good.  The  arrangements 
for  tilting  this  vessel  were  imperfect,  and 
the  metal  had  to  be  allowed  to  set  in  the 
vessel. 


The  blown  metal  con- 
tained : 
Carbon      .     .     .4 
Phosphorus  .     .006 
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The  results  were: 

METALS. 


Iron 

Carbon 


Silicon 


Sulphur  . . . 
Phosphorus 


|0 

GQ«H 


P=H 


1.505 

.109 
.327 


MS 
c3   oq 

CD    S 
^£ 

■si 

CD  CO 
02 


046 
094 


*"  o 

ft  02 

xn  a 

h1^ 


r    .084 
•<  partly 
'    slag 

.076 


«+-i    GO 
O    4> 


lO 


03    03    o3 
CC  -t-3  +a 

f  |a 


trace 

.019 

.030 
.003 


CD  c5 

C    CD 

CD  -i-i 
^    Ph 

:3  o 


^ 


98.44 
1.30 

trace 

052* 
052* 


COEEESPONDING   SLAGS. 


Fe203 

53.8 

11.42 

FeO 

49.00 

Silica 

10.2 

10.50 

33.0 

25.0 

Phosphoric^ 
acid j 

2.88 

2.05 

Sulphur 

.26 

Lastly,  a  charge  of  4  tons  of  metal  was 
blown  in  a  large  7-ton  converter,  but  the 
lining  had  not  been  sufficiently  heated,  and 
the  metal  blew  so  cold  that  it  could  not 
be  poured.  As  the  vessel  could  not  be 
spared  for  another  blow,  the  experiments 
were  suspended  at  this  point.  It  ap- 
peared that  the  only  serious  difficulty  was 
in  getting  the  lining  of  the  vessel,  when 
put  in  the  ordinary  way,  thoroughly 
burnt,  and  it  occurred  that  a  way  out  of 
the  difficulty  might  be  found  in  making 
bricks  out  of  the  material  and  burning 
them  beforehand,  but  I  did  not  go  beyond 
satisfying  myself  that  this  was  a  perfectly 
feasible  plan,  and  having  to  devote  all 
my  energies  at  this  time  to  reorganizing 
the  West  Cumberland  Works,  further 
tests  were  put  off.  Although  no  experi- 
ments were  made  in  the  Siemens  furnace, 
all  chemists  will  agree  that  the  reactions 
occurring  in  the  Bessemer  converter 
could  be  more  easily  obtained  in  the 
open-hearth  furnace. 

Some  time  afterwards  Dr.  Siemens  was 


*  The  increase  in  these  elements  was  due  to  the  spiegel 
added. 


good  enough  to  have  his  experimental 
rotator  at  Birmingham  lined  with  lime- 
stone in  a  similar  way,  but  it  did  not 
answer  for  two  reasons,  in  my  opinion : 
1.  The  limestone  was  a  peculiarly  rich 
one,  and  would  not  bind  well  before 
burning.  2.  The  temperature  that  could 
be  obtained  in  the  rotator  was  not  suffi- 
ciently high. 

It  is  essential  that  the  material  used 
for  lining  the  vessel,  and  for  bottoms, 
should  be  as  free  from  silica  as  possible, 
as  some  of  this  must  go  into  the  slag, 
and  it  appears  to  be  necessary  to  have  a 
large  amount  of  base  to  saturate  the  sili- 
cic and  phosphoric  acids  present  in  the 
lining  material  or  bases  added  to  form 
slag,  or  formed  from  the  oxidation  of  the 
silicon  and  phosphorus  in  the  iron.  Un- 
less this  is  done,  the  slag  becomes  too 
acid  to  allow  the  phosphorus  to  be  eli- 
minated. This  is  seen  to  some  extent  in 
blow  No.  2.  It  is  a  question  how  much 
base  is  required,  but  I  am  inclined  to 
believe  that  there  must  be  sufficient  to 
form  the  basic  silicate  and  tribasic  phos- 
phate. 

Mr.  Roe,  who  is  at  present  engineer  to 
the  Consett  Works,  was  engineer  at  West 
Cumberland  at  the  time  these  experi- 
ments were  made,  and  assisted  in  per- 
forming them. 

In  conclusion,  I  have  the  pleasure  to 
place  before  the  meeting  what  I  believe 
to  be  the  first  sample  of  Bessemer  steel 
made  entirely  from  Cleveland  iron  by 
one  operation,  in  which  the  phosphorus 
has  been  reduced  to  a  mere  trace.  A 
portion  has  been  forged  into  a  chisel, 
while  a  rough  specimen  of  the  same  has 
still  part  of  the  lime  lining  attached  to 
it.  With  the  samples  I  have  placed  the 
original  wrapper  bearing  the  date  when 
the  sample  was  made,  and  also  my  note- 
book with  the  original  entries  of  the  de- 
tails of  the  analysis. 


The  Commercial  Department  of  the 
Swiss  Federal  Council  are  engaged  in  the 
preparation  of  a  patent  law  and  a  law 
for  the  registration  and  protection  of 
trade  marks.  Neither  trade  marks  nor 
inventions  have  hitherto  been  the  subject 
of  legislation  in  Switzerland.  It  is,  how- 
ever, at  last  perceived  that  to  retain  na- 
tive industry  property  in  invention  must 
be  recognized. 
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THE  INTER-OCEANIC  CANAL. 


From  "The  Engineer." 


Few  great  engineering  projects  have 
alternately  attracted  so  much  interested 
attention  and  suffered  periods  of  slumber 
so  unnoticed,  as  those  which  have  since 
many  years  proposed  to  separate  the  two 
Americas  by  a  ship  canal.  The  vastness 
of  the  work  to  be  done,  and  of  its  cost, 
has  apparently  produced  an  inward  con- 
viction upon  men  who  in  turns  ap- 
proached, examined  and  found  it  beset 
with  practical  difficulties,  that  it  would 
be  impossible  to  construct  the  canal  as  a 
commercial  speculation,  and  that,  as  an 
international  work,  the  chances  of  secur- 
ing favorable  attention  were  too  small  to 
make  it  advisable  for  any  man  to  spend 
his  time  in  the  matter,  in  the  hope  of 
getting  a  certain  line  adopted.  Different 
men,  however,  some  of  whom  have  se- 
cured concessions  for  the  construction  of 
a  canal,  have  looked  upon  the  scheme  as 
hopeful,  and,  as  annoivnced  in  our  col- 
umns recently,  an  International  Congress 
has  been  called  together  to  consider  the 
relative  practicability  of  all  the  different 
schemes  which  have  been  from  time  to 
time  put  forward.  The  meetings  of  the 
Congress  have  been  held  under  the  pres- 
idency of  M.  Ferdinand  de  Lesseps,  in 
apartments  of  the  Paris  Geographical 
Society.  The  deliberations  of  the  Con- 
gress extended  over  rather  more  than  a 
fortnight,  meetings  being  held  first  to 
discuss  the  general  question,  and  after- 
wards to  receive  and  vote  upon  the  re- 
ports of  the  different  committees  ap- 
pointed to  examine  the  relative  superior- 
ity, from  all  points  of  view,  of  the  seven 
different  projects  which  had  been  pre- 
sented. The  report  of  the  technical 
committee  was  the  last  presented,  and 
this,  it  need  hardly  be  said,  was  the  most 
important  of  the  whole,  as  affording  the 
means  of  judging  of  the  propriety  of  any 
longer  considering  the  question  as  a 
commercial  speculation.  Of  course  the 
several  schemes  were  accompanied  by 
statements  of  probable  cost  and  revenue 
by  those  who  had  presented  them,  but  it 
was,  nevertheless,  necessary  that  these 
vital  questions  should  be  examined  by  a 
committee  calculated  to  "take  out  the 
Vol.  XXI.— No.  2—9 


quantities  "  for  each  scheme  with  equal 
impartiality. 

Seven   schemes   were   brought  before 
the  Congress,  and  sites  for  the  canal,  as 
proposed  by  six  of  these,  lie  within  the 
United  States  of  Colombia,  while  that  of 
the  seventh  lies  partly  in  Nicaragua  and 
partly  in  Costa  Rica.     The  first  of  these 
would  be  290  kilometers  in  length,  though 
only  fifty  of  these  would  be  entirely  new 
canal,    240   being   of   the  rivers  Atrato, 
Napipi   and   Dognado.     It   would    com- 
mence at  the  Gulf  of  Uraba  on  the  At- 
lantic and  end  in  the  Chirri-Chirri  Creek 
on  the  Pacific.     Twenty- two  locks  were 
required    by   this    route.      The    second 
scheme  was  for  a  canal  from  the  Gulf  of 
Uraba,  a  short  distance  along  the  Atrato 
and  the  Bay  of  San  Miguel  and  Darien 
Harbor.     The  route  of  another  scheme  is 
partly  along  the  line  of  the  preceding, 
into    the   Darien    Harbor,    and    thence 
through  17  kilometers  of  tunnel  to  Acan- 
ta  in  the  Bay  of  Uraba.     A  fourth  canal 
would  connect  the  Bay  of  San  Bias  and 
Panama  Gulf,  while  the  fifth  and  sixth 
schemes,   which   are  coincident   for   the 
greater  part  of  their  length,  are  in  the 
Panama  State,  and  connect  Colon  or  As- 
pinwall  on  the  Atlantic  side  and  with  the 
little  Bay,  situated  at  the  mouth  of  the 
river  Bio  Grande  and  of  Panama  respect- 
ively.    These  two  proposed  sites  for  the 
canal   occupied   the  most    attention,   as 
being  on  the  whole  more  free  from  objec- 
tions than  any  of  the  others.     In  order 
that  the  financial  and  technical  engineer- 
ing and  maritime  questions  should  all  be 
considered  in  a  systematic  manner,  the 
Congress  was  at  an  early  stage  divided 
into  five  committees,  whose  reports  were 
discussed  at  a  general  meeting.    The  first 
committee  devoted  itself  to  the  statistical 
part   of  the  undertaking,    such   as    the 
probable  amount  of  traffic  and  the  share 
which  each  country  will  take  in  it;  the 
second   considered  the   economical   and 
commercial  aspect  of  it ;   the   third  in- 
vestigated the  question  of  navigation  and 
shipping ;  the  fourth,  technical  questions, 
such  as  the  cost  of  making  and  keeping 
up  the  canal ;  and  the  labors  of  the  fifth 
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were  confined  to  the  subject  of  ways  and 
means. 

Before  all  these  committees  had  sent 
in  their  reports  the  Congress  had  become 
convinced  that  to  be  commercially  suc- 
cessful the  canal  must  be  free  from  the 
obstruction  of  locks  and  sluices.  To 
meet  this  condition,  the  choice  of  routes 
was  confined  to  schemes  referred  to  as 
the  third,  fourth  and  sixth,  the  seventh, 
or  Nicaragua  route,  being  out  of  consid- 
eration, owing  to  the  very  manifest  dis- 
advantages of  absence  of  harbors,  insalu- 
brity of  the  Atlantic  slope  of  the  country, 
the  great  length  and  the  unstable  charac- 
ter of  the  countries.  Of  these  three 
schemes,  the  first  mentioned  required  a 
canal  of  125  kilometers,  of  which  51 
would  be  formed  of  the  rivers  already 
mentioned.  This  route,  however,  re- 
quired a  tunnel  of  17  kilometers,  which, 
in  spite  of  the  advantages  in  respect  of 
ports  and  salubrity  of  climate  which  the 
route  offers,  was  sufficient  to  condemn  the 
scheme.  The  fourth  scheme,  or  San  Bias 
Bay  route,  was  out  of  court  for  the  same 
reason.  We  now  come,  then,  to  the 
route  which  has  been  selected  by  the 
Congress,  namely,  that  which  connects 
the  Bay  of  Lima  and  the  Gulf  of  Panama. 
This  route  is  nearly  parallel  with  the  rail- 
way which  connects  Panama  and  Colon, 
or  Aspinwall,  and  is  75  kilometers,  or 
about  forty-six  miles  in  length.  Of  this, 
6  kilometers,  or  3f  miles,  are  of  tunnel  in 
tenacious  rocks,  and  though  the  rivers 
Chagres  and  Rio  Grande  will  be  utilized, 
there  will  be  47  million  cubic  meters  of 
material  to  remove  to  make  the  canal. 
The  country  through  which  it  passes  is 
already  well  populated,  and  the  existence 
of  the  railway  will  be  a  source  of  the 
greatest  practical  convenience  in  the  con- 
struction of  the  work,  the  removal  of  the 
material,  and  the  distribution  of  sup- 
plies. That  the  country  is  well  inhabited 
is  looked  upon  as  a  great  advantage,  and 
the  existence  of  the  two  towns  at  the 
harbors  is  of  course  much  in  favor  of  this 
route.  The  short  length  of  the  tunnel 
and  slight  elevation  of  the  land  in  gen- 
eral are  favorable  to  the  construction  of 
the  canal  in  about  six  years.  Among  the 
objections  to  this  route  are  the  great 
heat  and  the  well-known  deadly  nature  of 
the  climate  at  some  parts  of  the  year. 
During  some  months  the  climate  is  good 
enough,  but  that  it  is  not  so  throughout 


the  year  became  only  too  evident  during 
the  construction  of  the  Panama  Railway, 
parts  of  which  it  has  been  said  might  al- 
most have  been  ballasted  with  bones  of 
the  dead.  The  hardness  of  the  rocks  to 
be  dealt  with  is  a  matter  of  some  con- 
cern, but  possibly  the  arrangement  of  an 
indemnity  for  the  railway  company,  whose 
traffic  would  of  course  be  seriously  af- 
fected, would  be  a  matter  more  costly  to 
achieve.  To  some  of  the  routes  the  ob- 
jection of  liability  to  volcanic  destruction 
was  urged,  and  the  long  absence  of  seis- 
mic or  volcanic  action  was  placed  as  a 
note  of  credit  to  the  Panama  route.  That 
a  considerable  period  has  elapsed  since 
the  occurrence  of  any  destructive  earth- 
quake near  Panama  is  no  doubt  true,  but 
that  this  immunity  should  remain  perma- 
nent while  evidences  of  volcanic  and 
earthquake  action  of  no  slight  character 
are  so  common  a  few  score  miles  there- 
from, does  not  seem  sufficiently  estab- 
lished to  make  security  or  insecurity  of 
the  work  either  certain  or  disproved. 
The  estimated  cost  of  the  construction 
of  the  canal,  which,  with  every  desire  on 
the  part  of  the  committee  to  be  accurate, 
can  only  be  taken  as  a  very  rough 
approximation,  has  been  given  at 
1,070,000,0001,  which,  with  130,000,0001 
capitalized  at  5  per  cent,  to  provide  for 
annual  cost  of  repairs  and  maintenance 
generally,  makes  the  total  estimate 
1,200,000,0001,  or  nearly  £48,000,000 
sterling.  This  scheme  then  to  be  worth 
the  attention  of  capitalists  must  return  a 
clear  profit  of  about  £2,000,000  per  year. 
It  was  pointed  out  in  one  of  the  reports 
that  in  order  to  make  sure  of  the  success 
of  the  canal,  it  would  be  necessary  that 
6,000,000  tons  of  shipping  should  pass 
through  it  yearly,  or  a  daily  passage  of 
eight  ships  of  2,050  tons  each.  It  was 
calculated  that  after  the  harvest  sixteen 
vessels  would  pass  through  the  canal 
daily. ,  From  this  it  will  be  seen  that  it 
is  proposed  to  charge  about  6s.  8cl  per 
tons  for  passage  through  this  canal. 
Fifty  ships  should,  it  is  urged,  be  able  to 
pass  through  per  day,  but  as  has  been 
stated  it  is  only  estimated  that  sixteen 
ships  will  pass  through  the  canal  after 
the  American  harvests  when  the  traffic 
would  be  greatest,  so  that  even  at  this 
busiest  time  each  vessel  would  have 
to  be  over  1,000  tons  burden.  Now 
supposing     that     the     cost     exceeded 
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£48,000,000,  as  we  may  say  it  certainly 
would,  and  probably  by  several  mil- 
lions, it  will  be  seen  that  the  canal, 
to  pay  anything  at  all,  must  induce  a 
traffic  which  does  not  now  exist,  and 
then  must  make  it  all  pay  a  toll  of  6s.  Sd. 
per  ton.  As  a  commercial  speculation 
the  scheme  does  not  promise  well,  and 
though  on  possession  of  the  final  reports 
of  the  committee,  a  somewhat  better  case 
may  appear  to  have  been  made  out,  the 
one  fact  that  at  least  £48,000,000  sterling 
are  required  is  sufficient  to  frighten  capi 
talits. 

The  share  of  the  most  venture- 
some financier  would  be  but  as  a  drop  in 
the  ocean  in  such  a  vast  sum,  and  the 


very  uncertainties  connected  with  it  are 
sufficient  to  deter  the  private -capitalist. 

The  Congress  at  Paris  has  cleared  away 
the  cobwebs  which  many  proposals  had 
woven  over  the  project  of  cutting  through 
the  Isthmus,  and  has  pronounced  a  care- 
fully sought  opinion  as  to  the  best  route 
for  a  canal,  and  of  the  practicability  of  the 
work.  That  the  work  will  never  be  con- 
structed by  private  enterprise,  however, 
may  be  looked  upon  as  certain,  and  it 
seems  questionable  whether  the  few  coun- 
tries that  are  directly  interested  in  the 
work  in  a  commercial  sense  will  not  think 
that  £48,000,000  is  too  dear  a  price  to  pay 
for  a  thing  which  might  not  be  an  un- 
mixed blessing. 


A  NEW  REVERSING  LINK  FOR  STEAM  ENGINES. 

By  C.  A.  SMITH,  M,  J). 
Written  for  Van  Nostrand's  Magazine. 


There  are  various  devices  now  in  use 
for  reversing  the  motion  of  engines:  such 
as  locomotive  engines,  marine  engines, 
etc.  In  nearly  all  these  devices  the 
valve  is  operated  by  a  "  link  "  connecting 
the  ends  of  the  eccentris  rods,  whose 
eccentrics  are  placed  side  by  side  on  the 
engine  shaft — or  axle,  in  case  of  the  lo- 
comotive. Some  of  these  devices  have 
been  classified  by  Auchincloss*  as  "the 
stationary  link  motion,"  "  the  Allan  link 
motion,"  "the  shifting  link  motion,"  etc. 
All  these  link  motions  are  doubly  valu- 
able since  they  not  only  enable  the  en- 
gineman  to  reverse  the  motion  of  the 
engine,  but  also  to  "  cut  off "  the  steam 
at  any  part  of  the  stroke,  according  to 
the  power  required,  being  thus  a  "a  vari- 
able cut  off"  as  well  as  a  reverser.  Al- 
though the  link  motions  possess  these 
good  qualities,  they  are  not "  free  from 
objections.  Some  are  too  complicated, 
and  some  have  other  objections.  One 
of  the  most  simple,  and  the  one  almost 
exclusively  used  on  locomotives  of  this 
country,  is  the  shifting  link  motion. 
This  still  exists  substantially  in  its  origi- 
nal form  as  first  used  on  the  locomotives 
of  Robert  Stevenson,  over  a  quarter  of 
a  century  ago.     It  generally  gives  good 

*  Auchincloss'  "  Link  Motion,"  page  91. 


results  if  properly  designed,  and  yet 
there  may  be  room  for  improvements. 

Some  of  the  objections  to  ordinary 
link  motions  may  be  briefly  stated  as 
follows :  In  the  link,  the  working  surfaces 
of  both  link  and  link-block  must  be  per- 
fectly true,  and  of  the  exact  required 
curvature  in  order  to  fit  nicely  and  work 
properly.  This  requires  special  machin- 
ery— generally  an  attachment  to  a  planer 
— and  skilled  labor  of  a  high  order  in 
fitting  up  the  parts,  especially  when  the 
working  surfaces  are  case-hardened,  as 
they  always  should  be. 

When  the  link  and  link-block  become 
worn  so  as  to  work  loosely,  there  will  be 
lost  motion  of  the  valve,  and  this  has  al- 
ways been  an  objectionable  feature  in 
link  motions.  To  take  up  this  lost  mo- 
tion requires,  in  some  cases,  a  new  link- 
block,  and  in  all  cases  a  complete  re- 
fitting of  the  link. 

In  designing  link  motions,  equalization 
must  often  be  sacrificed  for  the  purpose 
of  reducing  the  slip  and  the  consequent 
wear  of  the  link-block,  since  this  is  the 
inevitable  cause  of  the  lost  motion  re- 
ferred to. 

Figs.  1  and  2  illustrate  a  form  of  linkf 
by  the  use  of  which,  it  is  believed,  all 
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these  difficulties,  among  others,  will  be 
entirely  overcome.  Fig.  1  being  a  side 
view  of  the  link,  and  Fig.  2  an  edge 
view.  The  engravings  will  explain 
themselves  as  to  the  detailed  construc- 
tion of  the  link.  The  principle  upon 
which  this  link  is  based,  may  be  stated 
as  follows :  If  two  right  lines,  CB  and 
DB,  Fig.  G,  intersect,  making  a  constant 
angle  with  each  other,  their  point  of  in- 
tersection, B,  will  describe  a  circle  when 
the  lines  are  respectively  moved  along 
the  fixed  points  C  and  £>.*  This  prin- 
ciple is  made  use  of  to  guide  the  rocker 
pin  in  a  circular  arc  (the  link-arc)  instead 


of  the  link-block  sliding  in  a  circular  slot 
as  in  the  ordinary  link.  This  is  accom- 
plished, as  seen  in  Fig.  1,  by  the  angular 
bar  A,  whose  center  lines  AB  correspond 
to  those  of  Fig.  G.  The  rocker-arm,  or 
valve  stem,  is  attached  to  this  bar  at  its 
middle  point,  E.  The  bar  A — which  we 
may  conveniently  call  the  link-angle — 
passes  through  the  pockets  C  and  D 
(shown  in  Fig.  3)  which  are  attached  to 
the  link  proper,  BB,  by  means  of  swivel 
joints  as  seen  in  Fig.  2.  Now  it  can  be 
seen  that  when  the  link  is  shifted,  the 
center  points  C  and  D  will  move  along 
the  middle  of  the  link-angle  and  the  center 


Fig.5 


of  the  rocker  pin,  E,  will  travel,  rela- 
tively, on  the  circular  arc  CED. 

To  keep  the  distance  of  the  eccentric 
pins.  F,  from  the  link-arc  always  the  same, 
a  very  small  groove  is  cut,  with  a  "  V  " 
pointed  tool  along  the  middle  of  each 
arm  of  the  link-angle,  as  shown  by  the 
fine  lines  in  Fig.  1.  Similar  marks  are 
made  on  the  edges,  opposite  the  centers, 
of  the  pockets  C  and  D.  This  being 
properly  done,  the  set  screws,  H,  can  be 
so  adjusted  that  the  centre  line  of  the 
link-angle  will  cover  the  marks  on  the 
pockets. 

In  designing  this  link  we  may  proceed 
as  follows :  With  the  given  radius  of  the 
link  describe  an  indefinite  arc,  as  CED, 
Fig  5.     Tins  will  be  the  link-arc.     Upon 


*  Davies'  Legendre,  page  79 ;  Rankiue's  Machinery  and 
Millwork,  pages  261,  262. 


this  arc  locate  the  points  C  and  D,  mak- 
ing the  chord  CD  sufficiently  long  to  give 
the  required  travel  to  the  rocker-pin  upon 
this  arc  without  striking  between  the 
boss  in  the  middle  of  the  link-angle  and 
the  gibs,  G.  Then  locate  the  centers, 
F,  F,  for  the  eccentric  pins  the  required 
distance  from  the  link  arc,  CED,  as  in  the 
ordinary  link.  Also  the  point  of  suspen- 
sion, S,  is  located  in  the  middle  of  the 
link,  a  little  back  of  the  link-arc  as  usual. 
Having  located  these  five  points,  the  link 
may  be  delineated  about  them  as  shown 
by  the  dotted  lines. 

To  determine  the  angle  between  the 
two  branches  or  arms  of  the  link-angle, 
describe  an  indefinite  arc,  CED,  Fig.  6, 
with  the  desired  radius  of  the  links,  as  in 
Fig.  5.  Upon  this  arc  locate  the  points 
C  and  D,  making  the  chord  CD  equal  to 
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the  distance  CD  of  Fig.  5.  Assume  a 
third  point,  as  K,  upon  this  arc  and  draw 
the  straight  lines  CE  and  RD  through 
these  points,  then  will  CRD  be  the  angle 
sought.  The  link-angle  may  now  be 
drawn,  as  shown  by  the  dotted  lines,  its 
edges  being  drawn  parallel  to  the  lines 
CR  and  RD,  and  the  center  of  the  hole 
for  the  rocker-pin  should  coincide  with 
the  intersection  R  of  these  lines. 

When  a  center  cannot  be  conveniently 
located  from  which  to  describe  the  arc 
CRD,  the  angle  CRD  may  be  determined 
as  follows :  Assume  a  center,  O,  upon  a 
straight  line  RD,  Fig.  7,  and  with  any 


convenient  radius,  as  RO,  draw  a  semi- 
circle, RAB,  cutting  the  line  RD  at  R  and 
B.     With  B  as  a  center  and  radius 


BA= 


ROxCD* 


describe  an  arc  cutting  the  semi-circle  at 
A.  Through  A  and  R  draw  the  line 
ARC,  then  will  CRD  be  the  desired  angle, 
about  which  the  link-angle  may  be  delin- 
eated, as  in  Fig.  6.  It  will,  of  course,  be 
understood  that  the  greater  the  radius 
RO  is  assumed,  the  more  accurate  the 
angle  can  be  laid  off. 

At  this  point  it  will  be  evident  to  the 


reader  that  the  cinematique  of  this  link 
is  the  same  as  that  of  the  ordinary  one, 
since  the  relative  positions  of  the  link- 
arc  and  the  points  F,  F  and  S  are  the 
same  in  both  cases. 

In  applying  this  device  to  the  shifting 
link  motion,  it  will  require  no  more  space 
to  work  in  than  the  ordinary  link,  since 
the  link-angle  A  is  fixed  in  position  to 
the  rocker  arm  while  the  link  B  is  shifted. 
In  the  stationary  link  motion,  however, 
the  link  B  is  fixed,  while  the  link-angle 
A  would  have  to  be  shifted  to  reverse  the 
engine.  In  this  link  motion,  therefore, 
this  would  require  more  space  to  work 
in  than  the  ordinary  link,  and  hence  it  is 
more  especially  adapted  to  the  shifting 
link  motion. 

Among  the  advantages  this  link  pos- 
sesses over  the  ordinary  form  now  in 
general  use,  are  the  following :  The  work- 
ing or  sliding  surfaces  are  straight,  re- 
quiring no  special  machine  for  planing  a 
circle  as  is  the  case  with  the  ordinary 
link.  The  planer  work  can  be  done  on 
an  ordinary  planer,  without  attachments, 
and  it  requires  less  time  and  labor  to  fit 
up  than  the  ordinary  link.     There  need 

*  "  CD  "  is  the  distance  CD  on  the  link,  Figs.  1  and  5, 
and  r  is  the  desired  "  radius  of  the  link." 


be  no  lost  motion,  such  as  results  from 
wear  between  link  and  link-block  of  the 
ordinary  link,  for  if  the  link-angle  A,  from 
wear  and  friction,  becomes  loose  in  the 
pockets  C  and  D,  the  defect  may  be  im- 
mediately remedied  by  simply  tightening 
the  set  screws,  H,  and  setting  the  gibs, 
G,  closer  to  the  bar.  There  will  be  less 
work  on  the  ends  of  the  eccentric  rods, 
since  this  link  requires  simply  a  boss  on 
the  end,  as  shown  in  Fig.  4,  instead  of  a 
fork  as  with  the  ordinary  link.  In  using 
this  link  on  any  engine  the  link  motion 
may  be  equalized  as  near  as  possible 
without  regard  to  the  slip,  because  the 
lost  motion,  resulting  from  this,  can  be 
readily  taken  up.  Hence,  the  problem 
of  the  link  motion  can  be  considerably 
simplified  by  eliminating  the  slip  from 
its  solution. 

The  details  of  construction  may  be 
varied  in  many  ways  without  affecting 
the  fundamental  principle,  but,  all  things 
considered,  the  design  given  in  Figs.  1 
and  2  is  perhaps  the  most  economical 
form  that  can  be  adopted. 

A  link  constructed  on  this  principle  is 
especially  adapted  to  link-motion  models 
when  the  link-angle,  A,  is  made  with  a 
joint  in  the  middle  so  it  can  be  set  at  any 
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angle  to  vary  the  radius  of  the  link-arc. 
Blaster  mechanics  using  models  to  work 
out  their  link  motions  are  obliged  to  in;ike 
a  new  link  every  time  the  link-radios  must 
be   changed     With  this   link,    properly 


angle  CRD,  which  is  the  work  of  but  a 
moment. 
The  formula 

sin.  CRD  =  ^5 


constructed  and  graduated,   the   radius  gives  the  value  of  the  sine  of  the  angle 
can  be  varied  by   simply  changing  the  for  any  link-radius  r. 


THE  CONSTRUCTION  OF  HEAVY  ORDNANCE. 

By  JAMES  ATKINSON  LONGRIDGE,  M.  Inst.  C.  E. 
From  Proceedings  of  the  Institution  of  Civil  Engineers. 


II. 


DISCUSSION. 

Mr.  Longridge  desired  to  add  a  few 
explanations.  All  the  formulae  had  been 
reduced  to  the  same  notation  as  his  own, 
which  consequently  differed  somewhat 
from  that  given  in  the  text  book  on 
Ordnance,  issued  under  the  authority  of 
the  Secretary  of  State  for  "War.  Pro- 
fessor Barlow's  formula  was  correctly 
stated  in  the  text  book,  but  Dr.  Hart's 
incorrectly.  The  plus  sign  ought  to 
have  been  put  for  the  minus  sign  in  the 
latter.  Not  only  had  the  formula  been 
printed  wrongly,  but  the  calculation 
based  upon  it  was  wrong.  But  the 
formulae  did  not  really  solve  the  question. 
The  point  to  be  ascertained  was,  if  there 
was  a  cylinder  with  a  given  pressure 
inside,  and  another  pressure  outside, 
what  would  be  the  tensile  strain  induced 
in  the  material !  The  formulae  quoted  in 
the  text  book  did  not  contain  the  press- 
ures. The  proper  formula  was  given  in 
the  Paper:  ufn  "  represented  the  internal 
and  "fn+i"  was  the  external  pressure; 
consequently  for  every  ring  there  was  a 
pair  of  equations.  Then  there  was 
another  equation,  which  depended  on 
the  modulus  of  elasticity,  which  was 
where  the  two  rings  were  in  contact;  so 
that  in  the  case  of  a  gun  with  three 
rings  it  was  necessary  to  determine  three 
inside  and  three  outside  tensions  and  two 
normal  pressures — eight  unknown  quan- 
tities, and  for  this  there  were  eight  equa- 
tions. The  question  was  therefore  as 
solvable  as  any  question  connected  with 
the  building  up  of  a  girder.  If  the 
modulus  of  elasticity  and  the  dimensions 


were  known,  there  was  no  more  difficulty 
in  solving  the  exact  strain  at  any  point 
in  a  compound  gun  built  up  with  rings, 
than  in  solving  the  strain  on  the  upper 
or  lower  web  of  a  girder.  Unless  guns 
were  built  on  that  scientific  principle, 
the  same  trouble  would  be  experienced 
as  if  an  engineer  were  to  build  any  large 
iron  bridge  without  knowing  the  formula 
representing  the  strains.  True,  by  giv- 
ing it  an  enormous  strength  a  bridge 
might  be  obtained  that  would  stand  a 
long  time ;  but  if  the  limits  of  elasticity 
were  passed  in  any  element,  the  bridge 
would  assuredly,  sooner  or  later,  fail. 
That  system  had  been  acted  upon  in  the 
manufacture  of  the  Woolwich  guns.  It 
would  be  seen  by  his  calculations  that  at 
certain  portions  of  the  structure,  where 
the  strain  was  beyond  the  limit  of  elas- 
ticity, a  permanent  set  must  occur,  and 
that  it  must  give  way  at  every  successive 
firing  until  the  tube  cracked.  He  de- 
sired to  take  that  opportunity  of  express- 
ing his  conviction  that  the  late  accident 
in  the  "Thunderer"  had  nothing  to  do 
with  the  Woolwich  system.  He  was 
certain  that  Woolwich  guns  would  not 
burst  explosively  under  any  ordinary 
circumstances.  He  had  an  opinion  as  to 
what  was  the  cause  of  the  accident, 
which  he  could  not  then  enter  into ;  but 
he  was  certain  that  the  explosion  was  not 
due  simply  to  the  structure  of  the  gun. 
The  gun  exhibited  had  been  made  on  the 
system  which  he  had  long  advocated.  It 
had  been  fired  in  the  autumn  of  1860,  after 
his  first  Paper  was  read,  at  Southport, 
and  he  had  since  then  made  experiments 
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with  it  at  the  Mauritius.  It  had  been 
fired  many  times  with  heavy  charges ;  it 
had  succeeded  perfectly,  and  there  had 
never  been  the  slightest  accident  with  it. 
In  firing  there  was  no  possibility  of 
the  slightest  escape  of  gas.  He  hoped 
that  in  the  course  of  the  discussion  the 
principle  would  be  considered  more  than 
it  had  been  on  the  previous  occasion, 
when  many  interesting  matters  were  dis- 
cussed, but  the  principle  he  had  brought 
forward  had  scarcely  been  touched. 

Colonel  J.  D.  Shakespear,  said  there 
were  two  essential  points  to  be  con- 
sidered, to  which  all  others  were  second- 
ary in  importance.  The  first  point  was 
the  exact  part  where  there  was  the  great- 
est strain  on  the  gun.  That  point  had 
not  hitherto  been  settled,  and  he  was 
somewhat  surprised  to  hear  Mr.  Long- 
ridge  state  that  there  was  an  easy  form- 
ula for  calculating  it,  as  it  did  not  appear 
to  him  that  use  had  been  made  of  it. 
Several  years  ago  he  had  seen  it  carried 
out  in  a  rough  and  ready  but  practical 
way.  Holes  were  bored  along  the  first 
and  second  reinforces.  They  were 
countersunk  just  sufficiently  to  steady  a 
32-lb.  shot.  The  holes  were  about  as 
large  as  a  good-sized  rent.  The  gun 
was  fired,  and  it  was  calculated  what 
height  the  shot  was  thrown  into  the  air. 
By  that  experiment  it  was  ascertained 
that  the  greatest  strain  on  a  gun  was  a 
few  inches  in  front  of  the  projectile. 
That  seemed  to  be  in  accordance  with 
common  sense,  because  the  first  ounce  of 
a  100-lb.  charge  would  probably  move 
the  whole.  The  greatest  strain  would 
take  place  when  the  greatest  amount  of 
the  charge  exploded,  and  that  would  be 
some  little  distance  up  the  bore.  He 
had  observed  in  his  experience,  that  guns 
almost  invariably  burst  near  the  trun- 
nions. If  the  force  of  a  fowling-pieGe 
bursting  was  in  the  breech,  it  would 
knock  a  man  down;  but  many  persons 
had  a  gun  burst  in  their  hands,  who 
were  absolutely  unconscious  that  such  an 
explosion  had  taken  place  ;  hence  it  was 
evident  that  the  violence  of  the  charge 
was  not  in  the  breech.  There  could  be 
no  doubt  the  principle  of  placing  nearly 
all  the  metal  of  a  gun  •in  the  breech  was 
a  wrong  one.  The  right  principle  was 
to  place  the  greatest  amount  of  metal 
where  the  strain  was — somewhere  in  ad- 
vance of  the  projectile ;  and  he  believed 


that   was   the 


With  regard  to 


intention  at  "Woolwich, 
the  "  Thunderer,"  it  ap- 
peared from  the  drawings  in  the  Illus- 
trated London  JVeios,  that  the  tube  had 
broken  away  immediately  in  front  of  the 
second  reinforce,  and  that  was  about  the 
point  where  the  end  of  the  projectile 
would  be.  With  regard  to  the  skrinking 
of  the  metal,  that  was  an  exceedingly 
delicate  matter.  Round  a  cold  tube  a 
bar  of  iron,  almost  at  white  heat,  was 
entwined;  it  became  chilled  in  contact 
with  the  cold  iron,  and  the  surface  set ; 
the  outer  surface  became  set  sooner  than 
the  inner  metal ;  the  two  surfaces  were 
hard  set,  and  between  them  was  a  soft, 
spongy  metal.  It  was  not  possible,  there- 
fore, on  the  principle  of  shrinking,  to  get 
the  whole  gun  homogeneous.  With  re- 
gard to  the  use  of  hot  water  for  chilling, 
it  should  be  remembered  that  water  at 
212°  was  cold  in  comparison  with  the 
heat  of  the  gun.  That  would  always  be 
one  of  the  great  difficulties  in  shrinking 
guns ;  yet,  considering  the  number  of 
guns  constructed  in  that  way,  and  the 
small  number  of  failures,  he  could  not 
condemn  the  system.  He  regretted  the 
absence  of  Sir  William  Palliser,  who  dis- 
approved of  the  Woolwich  plan,  but 
might  not  approve  of  this ;  he  had  a 
method  of  his  own,  which  had  been  largely 
carried  out  in  America.  He  believed 
there  was  a  large  field  still  open  for  the 
construction  of  heavy  artillery.  He  did 
not  know  how  the  desired  result  was  to 
be  accomplished  unless  by  shrinking, 
and  making  the  shrinking  perfect.  In 
the  case  of  the  gun  represented  in  Fig.  9, 
it  appeared  that  all  the  metal  was  in  the 
breech.  That  gun,  he  thought,  would 
burst  about  the  letter  n,  which  would  be 
rather  in  front  of  the  projectile. 

Admiral  Sir  Cooper  Key  desired  to 
make  a  few  remarks,  as  one  who  had  had 
some  experience  in  the  working  of  heavy 
guns  at  sea.  He  would  not  follow  the 
Author' through  his  mathematical  calcu- 
lations, but  he  wished  to  ask  a  few  ques- 
tions. If  it  were  possible  to  calculate 
the  exact  tension  that  the  wire  required, 
and  if  it  were  possible  practically  to 
apply  it  accurately  round  a  tube,  he 
believed  it  would  make  the  strongest 
gun  to  resist  circumferential  strain  that 
could  be  made  with  equal  weight.  It 
certainly  carried  out  the  coil  principle  of 
making  guns,  which  he  considered  the 
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best,  to  an  extreme.  The  smaller  the 
coils,  and  the  more  of  them,  the  more 
reliable  the  gun  would  be.  There  \v:is  a 
point,  however,  about  the  proposed  gun 
that  he  did  not  like.  The  Author 
appeared  to  think  that  the  longitudinal 
strength  was  sufficiently  provided  for. 
Admiral  Sir  Cooper  Key  imagined  that 
in  a  10-inch  gun  the  pressure  on  the 
bottom  of  the  bore,  in  a  direction  con- 
trary to  the  path  of  the  shot,  would  be 
from  1,200  to  1.500  tons:  and  it  appeared 
from  Fig.  9,  that  it  was  intended  to  take 
the  whole  of  that  strain  on  four  or  six 
bolts.  He  could  not  think  that  would  in 
any  way  resist  the  strain.  He  objected 
to  the  use  of  cast  iron,  either  in  the 
exterior  of  the  gun  or  for  the  inner  tube. 
Although  the  Author  had  proved  that  in 
a  3-inch  gun  the  concussion  was  not 
sufficient  to  damage  a  tube  only  half  an 
inch  in  diameter,  he  felt  satisfied  that 
the  enormously  increased  concussion  of 
a  heavy  gun  would  be  more  than  any 
cast  iron  would  stand.  He  was  glad  the 
Author  had  turned  his  attention  to  the 
breech  loading  of  heavy  guns;  it  was  one 
of  the  chief  requirements  of  the  present 
day.  as  guns  bf  great  power  must  be  of 
great  length.  He  should  be  happy  if 
manufacturers  would  turn  their  attention 
to  the  best  means  of  providing  a  good 
system  of  breech,  loading ;  but  he  could 
not  say  that  he  liked  the  Author's  plan. 
The  breech  piece  was  only  supported  by 
two  bars  on  the  small  trunnions ;  and  he 
could  not  think  that  such  bars,  of  any 
size  that  they  could  be  practically  made, 
would  be  sufficient  to  resist  the  enor- 
mous strain  at  the  bottom  of  the  bore  in 
the  line  of  the  axis  of  the  gun.  In 
breech  loading  the  convenience  and  effi- 
ciency of  the  mode  of  entering  the 
l)ro jectile  and  cartridge  were  of  great 
importance.  A  small  gun  like  that 
exhibited  would  tip  up  if  the  trunnions 
were  properly  lubricated,  and  if  just 
sufficient  preponderance  were  made  on 
the  chase  end;  and  the  weight  of  the 
shot  would  bring  it  down  again.  But  in 
the  case  of  a  heavy  gun,  where  the 
weight  on  the  trunnions  would  be  enor- 
mous and  the  friction  necessarily  be  very 
great,  the  shot,  placed  so  close  to  the 
trunnions  as  it  must  be,  could  not  bring 
down  the  heavy  breech. 

Colonel  Shakespear  said  that  the  chief 
difficulty  experienced  from  breech  load- 


ing on  board  ship,  as  well  as  in  case- 
mates, was  in  connection  with  the  with- 
drawing of  the  breech  piece,  as  the  men 
were  stilled  with  the  smoke. 

General  Sir  H.  Lefroy  remarked  that 
no  one,  at  "Woolwich  or  elsewhere,  could 
have  any  other  than  a  grateful  feeling  to 
the  Author  of  the  Paper  for  the  ability 
and  mathematical  skill  he  had  brought  to 
the  investigation  of  the  problems  with 
reference  to  the  expansion  of  rings  or 
laminae  of  metal  under  tension  or  com- 
pression. It  had,  however,  been  well 
remarked,  that  the  British  empire  was 
governed  not  by  logic  but  by  Parliament ; 
and  it  was  equally  true  that  mechanics 
were  governed  not  by  formulae  but  by 
facts.  He  was  far  from  saying  that 
there  was  not  a  substratum  of  facts  in 
what  was  contained  in  the  Paper  with 
reference  to  various  moduli.  He  ob- 
served, however,  that,  in  one  instance, 
the  Author  had  taken  24,000  for  his 
modulus,  and,  shortly  after,  13,000. 

Mr.  Longridge,  interposing,  remarked 
that  he  had  thought  it  desirable  to  take 
a  great  range,  his  object  in  the  case 
quoted  being  simply  to  show  the  effect 
of  varying  the  modulus. 

Sir  H.  Lefroy  continued,  that  the  pub- 
lished works  of  the  officers  connected  with 
the  Royal  Gun  Factories  were  of  course 
fair  subjects  of  criticism,  and  if  they  had 
fallen  into  mistakes,  it  was  desirable  that 
these  should  be  pointed  out.  But  when 
it  was  stated  that  the  rules  adopted  in 
those  factories  and  elsewhere  were  em- 
pirical, one  was  tempted  to  ask,  Why  were 
they  empirical?  Surely  it  was  not  be- 
cause there  was  not  sufficient  mathemat- 
ical ability  at  Els  wick  or  at  Woolwich  to 
comprehend  and  apply  a  formula  !  The 
truth  was,  that  experience  taught  much 
more  than  formula? ;  and  it  had  shown 
that  the  details  as  to  the  shrinkage  of 
metals,  which  were  subject  to  a  wide 
range  of  variation,  were  not  worth  pur- 
suing into  a  maze  of  figures.  He  con- 
fessed that  he  was  surprised  when  he 
first  heard  of  the  practical  rule  of  shrink- 
age which  Sir  William  Armstong  had 
adopted  ;  because  in  his  simplicity  he  had 
imagined  that  every  gun  was  worked  out 
by  formulae.  Since,  however,  Sir  Wil- 
liam, and  others  at  the  Gun  Factories, 
had  discarded  formula?,  and  had  adopted 
practical  rules  of  thumb,  he  thought  it 
might  be  reasonably  concluded  that  they 
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had  some  t  justification  in  doing  so.  In 
building  a  gun,  as  in  building  a  bridge 
or  any  other  structure,  the  engineer 
looked  to  three  things:  first,  that  the 
design  should  not  be  opened  to  any 
charge  of  structural  defects ;  secondly, 
that  the  structure  should  have  an  excess 
of  strength ;  and,  thirdly,  that  it  should 
be  carried  out  as  cheaply  as  possible.  It 
was  the  latter  consideration  that  had  led 
to  the  preference  at  the  Gun  Factories  at 
Woolwich  to  a  small  number  of  thick 
coils  over  a  large  number  of  thin  coils, 
which  were  still  preferred  at  Els  wick.  The 
Author,  in  contrasting  the  cost  of  manu- 
facture under  the  two  systems,  had 
charged  himself  with  the  exact  quantity 
of  metal  turned  out  in  the  finished  45-ton 
gun,  and  he  had  also  put  the  cost  of  the 
metal  pure  and  simple,  without  anything 
for  the  cost  of  manufacture.  There  were 
different  kinds  of  material  in  the  gun — 
steel  wire,  solid  steel,  cast  iron  and 
wrought  iron ;  materials  acting  differently 
with  different  strains,  and  under  differ- 
ent temperatures,  and  they  were  all  com- 
bined in  an  artificial  manner,  involving 
conditions  of  which  they  had  no  expe- 
rience. How  a  great  coil  of  steel  wire 
would  behave  in  the  tight  embrace  of  a 
hot  iron  jacket  he  did  not  know.  It  did 
not  appear  to  him  that  the  conditions  of 
strength  in  the  proposed  structure  were 
such  as  to  warrant  the  Government  in 
abandoning  a  well  proved  system  of  con- 
struction. 

Mr.  Longridge  replied,  that  there  was 
not  the  slightest  shrinkage ;  the  outer 
casing  was  not  cast  round  the  inner  tube, 
but  was  a  separate  casting,  into  which 
the  tube  was  apparently  slipped,  and  it 
acted  only  as  a  sheath,  and  had  nothing 
to  do  with  the  strength  of  the  gun. 
General  Lefroy  had  fallen  into  an  entire 
misconception  as  to  the  way  in  which  his 
guns  were  made,  and  it  would  perhaps 
save  time  if  he  briefly  explained  the 
method.  In  the  first  place  he  made  a 
tube  comparatively  thin.  For  a  gun  of 
20  inches  bore  the  tube  would  probably 
be  3  inches  or  3|  inches  thick.  It  might 
either  be  of  cast  iron  or  of  steel ;  that, 
however,  was  a  question  into  which  he 
would  not  enter,  simply  remarking  that 
his  opinion  was  that  cast  iron  might  form 
the  best  material.  Upon  the  tube  he 
rolled  a  coil  of  wire,  -^  inch  in  diameter, 
from  one  end  to  the  other,  with  a  tension 


varying  according  to  the  distance  from 
the  breech.  It  was  then  rolled  back, 
with  another  tension  gradually  increas- 
ing. Thus  he  went  backwards  and  for- 
wards till  he  obtained  the  thickness 
shown  at  the  breech  end  for  a  certain 
distance,  gradually  decreasing  towards 
the  muzzle ;  the  result  being  that,  when 
the  gun  was  subjected  to  internal  press- 
ure from  powder  gas,  every  wire,  from 
the  innermost  to  the  outermost,  was 
strained  to  the  same  degree.  The  inner 
tube  had  nothing  to  do  with  the  strength 
of  the  gun ;  it  simply  transferred  the 
pressure  to  the  wire ;  and  he  could  so 
arrange  it  that  the  inner  tube,  3  inches 
thick,  with  a  strain  of  26  tons  or  27  tons 
per  square  inch  inside,  should  have  no 
tension  at  all.  That  was  a  matter  which 
must  be  taken  upon  trust,  as  he  could 
not  then  go  through  the  calculations  to 
prove  it.  Having  completed  what  was 
really  the  essential  part  of  the  gun,  he 
had  a  casting  divided  through  at  the 
point  shown  in  Fig.  9,  and  held  to  the 
breech  casting  by  the  bolts.  This  was 
intended  to  preserve  the  wire  from  shot 
or  any  external  injury.  The  other  part, 
which  constituted  the  main  weight  of  the 
gun,  was  like  an  anvil  to  receive  the 
blow.  The  gas  check  was  fitted  in  the 
tube;  and  the  bolts  held  together  the 
two  portions  of  the  gun,  having  nothing 
to  do  with  the  recoil.  The  recoil  was 
upon  the  trunnions,  and  the  gun  rolled 
up  an  inclined  plane.  In  the  case  of  a 
gun  like  the  one  exhibited,  the  whole  re- 
coil was  taken  up  by  the  side  links.  At 
that  part  the  gun  had  no  longitudinal 
tension.  The  great  principle  which  he 
maintained  in  building  breech-loading 
guns  was,  that  the  material  that  resisted 
the  circumferential  strain  should  have 
nothing  to  do  with  the  longitudinal 
strain.  There  was  a  direct  strain  upon 
the  side  rods,  which  manifestly  might  be 
made  of  any  necessary  strength.  There 
was  no  limit  to  the  size  which  a  gun 
might  be  made  in  that  way.  There  was 
no  compound,  circumferential  and  longi- 
tudinal strain,  and  no  cutting  away  of 
the  breech.  The  cast  iron  parts  were 
simply  protections,  and  means  of  getting 
weight.  Weight  was  necessary  in  the 
case  of  a  large  gun  on  account  of  the 
recoil ;  but  he  could  get  weight,  employ- 
ing material  at  £5  or  £6  a  ton,  that 
would  answer  every  purpose,  and  serve 
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as  a  protection.  With  regard  to  form- 
ulae, it  should  be  remembered  that  if  a 
formula  was  right  it  could  not  differ  from 
facts.  All  he  maintained  was,  that  there 
should  be  some  formula?  to  guide  the 
manufacturers  of  guns.  The  Board  of 
Trade  had  laid  down  certain  limits  in  the 
case  of  bridge  building  within  which  the 
material  should  be  strained ;  and,  in  like 
manner,  he  thought  that  in  building  a 
gun  there  should  be  certain  limits  beyond 
which  no  portion  of  the  gun  should  be 
strained ;  and  to  ascertain  those  limits 
formulae  were  necessary.  He  believed 
that  the  formulae  he  had  given  repre- 
sented, not  perhaps  with  perfect  accuracy, 
but  very  approximately,  the  conditions 
of  a  gun,  and  enabled  the  maker  to  de- 
termine the  strain.  He  did  not  say,  as 
General  Lefroy  seemed  to  imply,  that 
there  were  no  mathematicians  at  Wool- 
wich ;  but  he  believed  they  had  not  ap- 
plied mathematics  to  the  problem  in 
question. 

Dr.  Siemens  said,  the  Author  com- 
plained, and  with  some  reason,  that  on 
the  occasion  of  the  reading  of  his  previ- 
ous Paper,  nineteen  years  ago,  the  dis- 
cussion had  wandered  away  a  good  deal 
from  the  lines  laid  down  by  him.  The 
present  Paper  presented  such  clear  lines 
that  it  was  not  difficult  to  keep  within 
them,  and  he  would  endeavor  to  do  so. 
The  Paper  might  be  divided  into  two 
parts.  The  first  was  the  critical,  and,  he 
might  say,  destructive  part,  because  the 
criticisms  were  such  that,  if  completely 
borne  out,  one  would  almost  be  afraid  to 
contemplate  the  result  of  a  general  war. 
The  second  part  was  suggestive  or  con- 
structive. With  reference  to  the  criti- 1 
cisms  on  the  Woolwich  system,  he  was  i 
ready  to  admit  that  the  Author  was  very 
clear  in  his  mathematical  deductions. 
He  had  pointed  out  some  error  in  one  of 
the  formulae  used  at  Woolwich.  Passing 
that  over,  he  thought  that  the  formulae 
which  were  used — those  of  Professor 
Barlow  and  Dr.  Hart — were  not  errone- 
ous in  themselves;  but,  as  the  Author 
had  shown,  were  insufficient  to  meet  the 
case  of  the  strain  in  every  portion  of  the 
structure.  The  author  had  from  that 
drawn  the  conclusion,  that  in  not  follow- 
ing out  a  formula,  such  as  he  had  pre- 
sented, the  authorities  had  gone  alto- 
gether wrong,  that  the  strains  by  shrink- 
age  which   were    applied   at   Woolwich 


were  totally  opposed  to  theory,  and  that 
much  better  results  might  be  obtained  in 
strictly  following  out  the  dictates  of 
mathematical  reasoning.  Mathematics, 
however  good  a  handmaiden,  might  be  a 
very  dangerous  master;  and  he  thought 
he  could  show  where  the  Author  had 
made  mathematics  his  master.  He  had 
given  his  idea  of  a  gun  constructed  on 
the  Woolwich  principle — a  nine  inch  gun. 
There  was  a  steel  tube  of  8  inches  thick- 
ness of  side,  around  which  he  shrank 
iron  to  a  thickness  of  28  inches,  with  a 
shrinkage  exceeding  that  usually  given 
at  Woolwich,  namely,  of  1  in  1,000.  Dr. 
Siemens  knew  from  experiments  of  his 
own  that  a  shrinkage  of  1  in  1,000  meant 
a  strain  of  12  tons  per  square  inch.  If 
the  shrinkage  was  1  in  1,000  upon  the 
inner  diameter,  there  would  be  a  strain 
of  12  tons  upon  the  inner  surface  of  the 
coil.  That  in  itself  presented  a  very 
good  strain  for  a  material  such  as  iron. 
If,  however,  round  a  tube  of  8  inches 
inside,  28  inches  of  iron  were  shrunk  in 
such  a  way  as  to  put  the  whole  into 
tensions  varying  in  elastic  strain  inverse- 
ly as  the  diameter,  what  would  be  the 
result?  That  the  strain  on  28  inches 
would  be  opposed  by  the  8  inches  ;  that 
the  area  of  the  outer  metal  would  be  re- 
sisted by  the  lesser  area  forming  the 
side  of  the  lining.  The  Author,  in  all 
his  calculations,  spoke  only  of  what 
would  take  place  when  the  powder  press- 
ure of  24  tons  to  the  inch  was  applied ; 
he  did  not  say  what  would  be  the  case 
when  the  shrinkage  pressure  was  applied 
in  the  first  instance.  That  shrinkage 
pressure  would  undoubtedly  have  the 
effect  of  crushing  or  deforming  the  tube 
permanently.  The  tube  would  be  no 
more  able  to  resist  such  an  amount  of 
shrinkage  pressure  than  if  it  did  not 
exist  at  all ;  and  therefore  such  shrink- 
age as  was  contemplated  by  Mr.  Long- 
ridge  could  not  practically  be  applied. 
The  Author  had  criticised  rather  severely 
some  remarks  in  the  Woolwich  reports. 
Bef erring  to  the  statement  that  in  "  guns 
of  present  construction  the  heavy  breech 
coil  compresses  the  steel  barrel  to  such 
an  extent  that  the  latter  becomes  in  some 
instances  as  much  as  y^nrtu  of  an  inch 
smaller  in  diameter  during  the  process 
of  shrinking,"  the  Author  had  remarked, 
"  It  is  difficult  to  imagine  a  more  com 
plete  confusion  of  ideas  than  that  which 
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pervades  this  sentence."  Dr.  Siemens 
believed  the  statements  in  the  official  re- 
port were  perfectly  consistent,  not  with 
mathematical,  but  with  engineering  or 
physical  facts.  It  would,  he  maintained, 
be  impossible  to  give  such  shrinkage  to 
the  mass  of  iron  surrounding  the  inner 
tube  as  would  leave  that  mass  of  metal, 
under  a  sufficient  tension,  to  take  its  full 
projDortion  of  work  when  an  inner  press- 
ure was  applied  equal  to  24  tons  to  the 
square  inch.  But  suppose  that  the  inner 
tube  could  be  made  strong  enough  to  re- 
sist such  a  pressure,  the  use  of  the  gun 
had  then  to  be  considered,  and  the  result 
of  the  first  few  rounds.  Shrinkage  would 
then  again  take  place,  but  upon  the 
wrong  side  of  the  gun ;  that  was  to  say, 
expansion  by  heat  would  occur  inside  the 
gun,  which  would  still  farther  increase 
the  strain  upon  the  inner  tube  ;  and  if  it 
was  able  to  resist  the  crushing  pressure 
in  the  first  instance,  the  heating  of  the 
inner  tube  would  greatly  augment  the 
strain.  He  thought  that  was  the  reason 
why  men,  like  Sir  William  Armstrong 
and  the  "Woolwich  authorities,  who  well 
knew  what  they  were  about,  had  not  ven- 
tured to  give  that  distribution  of  strain 
by  shrinkage  which  mathematical  reason- 
ing would  lead  them  to  adopt.  The 
Author  would  probably  admit  that  the 
mathematical  knowledge  which  he  brought 
forward  nineteen  years  ago  would  not 
have  remained  idle  for  so  long  a  time  if 
it  could  have  been  advantageously  ap- 
plied; but  Dr.  Siemens  was  clearly  of 
opinion  that  in  the  construction  of  the 
Woolwich  guns  it  was  impossible  to  ap- 
ply that  reasoning  properly.  But  the 
Author  did  not  really  intend  to  make  a 
gun  by  shrinking  on  iron  rings  upon  a 
steel  core ;  he  had  brought  forward  a 
construction  of  his  own,  which  had  some- 
thing very  pleasing  to  recommend  it  at 
first  sight.  He  took  a  lining  tube,  and 
bound  upon  it  several  layers  of  wire,  in- 
creasing and  varying  the  strain  of  the 
wire  in  such  a  way  that  when  the  inner 
pressure — the  maximum  powder  press- 
ure— was  applied,  each  portion  of  the 
material  bore  the  same  amount  of  ten- 
sile strain.  There  again,  however,  the 
Author  had  not  contemplated,  or,  at  all 
events,  had  not  brought  forward,  the 
result  of  the  crushing  action  of  that 
amount  of  binding  .force  upon  a  compar- 
atively small  tube.      The  tube  was  made 


of  cast  iron,  which  resisted  compression 
better  than  extension,  and  to  that  extent 
the  construction  might  be  very  proper ; 
but  the  powder  pressure  in  heating  the 
tube  would,  he  apprehended,  work  a 
change  in  the  tensions,  the  same  as  it 
would  do  in  the  iron  coils,  either  causing 
the  wires  to  be  overstrained,  or  the  tube 
to  be  crushed  under  that  strain.  The 
question  was,  however,  whether  it  would 
be  possible  to  put  the  material  into  any 
more  satisfactory  form.  When  the  pow-  . 
der  pressure  acted,  artillerists  would  like 
to  distribute  the  force  uniformly  over  the 
material ;  but  they  had  to  contend  with 
the  different  portions  under  the  two  con- 
ditions of  rest  and  of  action  from  within. 
One  great  drawback  to  the  Author's  pro- 
posed system,  which  he  himself  admitted, 
was,  that  he  had  a  resistance  against 
bursting  strain  without  resistance  in  the 
longitudinal  direction.  The  Author  rem- 
edied that  by  putting  a  very  heavy  mass 
into  the  breech  piece  of  the  gun,  con- 
necting that  heavy  mass  with  a  protect- 
ing tube  which  did  nothing  towards  re- 
sisting the  •  bursting  strain  of  the  gun. 
This  was  a  great  drawback  to  that  mode 
of  construction.  The  amount  of  metal 
which  actually  resisted  the  bursting  strain 
was  probably  not  more  than  one-third  of 
the  total  weight  of  the  gun,  the  other 
two-thirds  being  used  for  a  totally  differ- 
ent purpose — to  resist  recoil  and  longi- 
tudinal action.  Why  should  a  wire  coil 
be  used  ?  Was  metal  in  the  form  of  wire 
susceptible  under  ordinary  circumstances 
of  bearing  any  greater  resistance  than 
solid  metal?  Certainly  not.  The  same 
strain  per  inch  could  be  resisted  by  solid 
material.  In  the  case  of  wire  there  was 
certainly  this  advantage,  that  inasmuch 
as  the  iron  of  commerce  was  a  mixture, 
or  concrete,  of  the  metal  iron  and  a 
glassy  substance  called  cinder,  if  that 
glassy  substance  were  mixed  in  an 
irregular  way  with  the  iron  it  would 
give  no  tensile  strength  at  ali ;  but  in- 
asmuch as  the  layers  of  glass  were 
drawn  out  in  a  longitudinal  direction, 
they  did  less  harm  than  they  would  do 
if  mixed  promiscuously ;  and  for  that 
reason  wire  gave  a  larger  resisting  strain 
than  solid  metal.  That,  however,  was 
not  the  case  with  steel.  Steel  wire  re- 
sisted no  better  than  solid  steel.  On  the 
contrary,  steel  wire,  while  resisting  no 
better  per  square  inch,  would  give  less 
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elongation  than  solid  steel ;  but  the 
Author  would  Bay,  "You  cannot  with 
solid  steel  distribute  your  strains  iu  the 
manner  I  tell  you  to  do  ;  there  ought  to 
be  more  strain  near  the  outer  layers,  and 
less  towards  the  inside  of  the  gun."  But 
there  again  he  thought  the  steel  maker 
would  not  be  at  a  loss.  If  it  was  desired 
to  distribute  a  compressive  strain  on  the 
inner  surface  of  the  ring  and  a  tensile 
strain  on  the  outer  surface,  could  that 
not  be  obtained  in  any  other  way  than 
by  cutting  the  whole  thing  up  into  wire 
and  winding  it  round,  thereby  losing  all 
the  advantage  of  longitudinal  resistance  ? 
He  thought  it  was  quite  possible.  If  a 
cylindrical  mass  of  steel  were  heated  in  a 
furnace  to  redness,  and  then,  while  the 
steel  was  in  the  furnace,  a  cooling  action 

applied  inside — say  a  spray  of  water 
— would  immediately  cause  a  solid  tube 
to  be  formed  inside  the  mass  of  what 

•ailed  set  or  cold  metal.  The  inner 
diameter  would  remain  the  same,  because 
it  was  governed  by  the  general  mass  of 
the  tube.  The  metal  would  shrink,  not 
in  the  direction  of  the  diameter,  but  in 
the  direction  of  the  thickness  of  the  tube, 
which  thickness  would  become  less.  If 
the  cooling  action  went  on  while  the  out- 
side was  at  its  full  temperature,  layer 
after  layer  of  metal  would  be  formed  at 
a  gradually  reducing  temperature,  all  of 
which  would  be,  under  those  conditions, 
in  a  state  of  perfect  rest  and  equilibrium. 
After  some  time,  perhaps  an  hour,  there 
would  be  an  outside  temperature  of  say 
600°  -Cent,  and  at  the  inside  100° 
Cent,  The  coil  being  taken  out  of  the 
furnace  and  allowed  to  cool,  the  result 
would  naturally  be  that  in  each  layer 
a  tension  would  be  formed  proportion- 
ate to  the  relative  temperatures.  The 
contraction  on  the  outer  surface  would 
be  very  great,  and  it  would  act  as 
shrinkage  upon  the  rest.  The  shrinkage 
of  the  surrounding  layers  would  be  less 
and  less,  and  the  total  result  would  be  a 
tension  which  might  be  represented  by  a 
diagram  showing  a  maximum  positive 
strain  near  the  outside  of  the  gun,  and  a 
maximum  negative  strain  in  the  metal 
nearest  the  inside  of  the  gun,  the  neutral 
axis  being  somewhere  midway  between 
the  two.  The  explosive  action  of  gun- 
powder upon  such  a  tube  would  cause 
the  internal  negative  pressure  to  be 
transferred  into  a  positive  pressure;  it 


would  act  on  the  larger  diameter  in  a 
less  and  leSS  degree;  and.  when  the  full 
pressure  was  acting,  there  would  be  a 
field  of  compression  which  might  possi- 
bly be  represented  by  a  diagram  showing 
equal  positive  tension  throughout  the 
mass.     In  that  way  it  would  be  possible 

i  to  obtain,  by  means  of  a  single  ring,  all 
the  advantages  which  the  Author  claimed 
for  his  wire  system,  with  the  additional 
advantage  of  having  strength  in  all 
directions,  it  being  unnecessary  to 
amplify  the  gun  after  all  the  required 
strength  was  obtained,  by  two  or  three 
times  the  amount  of  dead  weight.  He 
believed  that  an  inner  tube  would  always 
be  necessary;  but  it  should  not  be  a 
resisting  tube.  A  tube  of  hard  metal, 
surrounded  b.y  comparatively  weak  metal, 
appeared  to  him  to  be  a  great  mistake, 
which  was  shared  both  by  the  "Woolwich 
system  and  by  the  plan  proposed  by  the 
Author.  The  inner  tube  should  be  of 
metal  that  accommodated  itself  entirely 

,  to  the  outer  tube  and  to  the  necessities 
of   the   gun.     It   should   be   extra   mild 

'  steel,  which  would  expand  or  extend 
30  per  cent,  without  break  in  its  contin- 
uity. Any  hard  metal,  such  as  hard 
steel  or  cast  iron,  would  be  subject  to 
such  action  and  reaction  as  to  bring 
about  its  final  destruction ;  whereas  a 
lining  of  metal  that  was  like  putty  in  its 
constitution,  coupled  with  great  strength, 

i  was,  in  his  opinion,  the  proper  lining  of 
a  gun  surrounded,  not  by  a  series  of 
rings,  but  by  one  ring  or  tube,  in  which 
the  strains  were  in  the  first  instance  so 
arranged  as  to  give  each  portion  of  the 
metal  an  equal  strength  when  the  maxi- 
mum powder-gas  pressure  was  applied. 

Mr.  Homersham  thought  Dr.  Siemens 
was  mistaken  in  stating  that  sections  of 
steel  wire  would  only  bear  the  same  ten- 

i  sion  as  a  section  of  bar  steel  of  the  same 

;  area.  He  had  had  occasion  some  years 
ago  to  try  a  great  many  experiments 
upon  the  tension  of  wire,  and  certainly 
an  equal  area  of  steel  wire  drawn  -^th  of 

1  an  inch  diameter  stood  considerably 
more  than  double  the  tension  of  iron. 
When  steel  was  tempered  by  hardening 
in  oil  before   being   drawn   into   wire,  it 

'  had  more  than  double  the  strength  of 
bar  steel  of  the  same  area.  All  the  best 
pianoforte  wires  were  so  made. 

Dr.  Siemens  observed  that  he  had 
made   a   great   many   experiments   with 
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steel  in  the  form  of  wire  and  in  the  solid 
state.  He  had  not,  perhaps,  explained 
as  fully  as  he  ought  to  have  done  what 
he  meant  with  regard  to  wire  being  no 
stronger  than  solid  metal.  In  speaking 
of  steel  wire  he  supposed  it  to  be 
annealed  wire,  that  had  not  been  sub- 
jected to  any  hardening  process ;  but  if 
the  wire  were  cold-drawn,  or  oil-hard- 
ened, its  elastic  range  would  certainly  be 
greatly  increased.  Any  kind  of  steel,  the 
mildest  and  the  hardest,  yielded  in  the 
same  manner  and  to  the  same  extent  by 
applying  the  same  amount  of  weight  per 
square  inch.  The  only  difference  be- 
tween hard  and  strong  and  weak  steel 
was,  that  the  weak  or  mild  steel  came 
sooner  to  the  limit  of  its  elasticity.  If  it 
was  desired  to  compare  steel  wire  with 
steel  in  bulk,  the  steel  in  bulk  should  be 
put  into  a  similar  aggregate  condition. 
Sir  Joseph  Whitworth  could  produce 
steel  to  bear  a  strain  of  80  tons  or  more 
in  the  bulk  after  he  had  oil-hardened  it; 
and  Dr.  Siemens  knew  from  experience 
that  it  was  exceedingly  difficult  to  get 
steel  wire,  even  when  oil-hardened,  that 
could  be  depended  upon  to  resist  more 
than  80  tons  per  square  inch;  occasion- 
ally 100  tons,  or  even  110  tons,  might  be 
reached  in  very  thin  wire,  owing  to  great 
success  in  the  mode  of  hardening.  In 
order  to  make  a  fair  comparison,  a  metal 
in  the  form  of  wire  should  be  compared 
with  metal  in  bulk  subjected  to  analo- 
gous processes,  when  it  would  be  found 
that  the  absolute  tensile  strength  was 
nearly  the  same,  whereas  the  solid  steel 
had  generally  the  advantage  of  elongat- 
ing to  a  greater  extent  than  wire,  before 
rupture  took  place. 

Dr.  Hopkinson  said  he  would  not  occu- 
py time  in  expressing  the  agreement 
which  he  felt  with  the  Author  in  his 
adoption  of  a  deductive  method  in 
discussing  this  problem,  but  would  at 
once  proceed  to  point  out  one  or  two 
things  in  which  he  thought  the  detail  of 
his  work  was  open  to  a  slight  criticism. 
He  had  verified  the  Author's  equations, 
with  the  exception  of  the  last.  In  arriv- 
ing at  that  equation  the  Author  had  con- 
sidered a  ring  of  material,  and  had 
remarked  that  that  ring  was  under  cir- 
cumferential tension;  and  he  inferred' 
that  it  would  be  extended  by  an  amount 
represented  by  that  tension,  multiplied 
by  the  length  of  the  ring  and  divided  by 


the  modulus  of  elasticity.  That  would 
be  perfectly  true  if  the  only  stress  acting 
upon  the  material  were  the  circumferen- 
tial stress;  but  with  that  there  was  a 
radial  compression,  and  also  a  stress 
parallel  with  the  axis  of  the  gun,  the 
last  being  no  doubt  small  in  comparison 
with  the  others.  Taking  those  into  con- 
sideration, the  accurate  expression  for 
the  extension  of  a  ring  length  I  would  be 

—  +%-—=-  where  T,  f,  and  Z  were  re- 

spectively  the  circumferential  tension, 
the  radial  pressure,  and  the  tension  par- 

Tl 

allel  to  the  axis ;  instead  of  ^as  assumed 

by  the  Author.  K'  was  a  constant  for 
the  material.  According  to  Wertheim 
K'=3K  for  several  metals. 

Assuming  this,  he  would  correct  the 
Author's  calculation  for  the  4J-inch  gun, 
as  follows.  The  tension  of  the  interior 
of  the  steel  tube,  instead  of  being  16.97 
tons,  would  be  18.2  tons.  The  tension 
of  the  interior  iron  ring  would  be  dimin- 
ished by  about  J  ton.  The  amount  of 
correction  was  very  small,  and  did  not 
materially  affect  the  results.  The  point 
was  one  which  was  easily  set  right,  but 
that  was  not  the  case  with  the  other 
point  to  which  he  would  refer.  In  test- 
ing a  rod  of  any  material  by  direct  ten- 
sion, its  limit  of  elasticity  was  said  to  be 
reached  when  it  began  to  take  a  perma- 
nent set.  If,  in  addition  to  the  tension, 
there  was  a  lateral  compression,  it  was 
a  question  whether  it  would  take  -a  per- 
manent set  with  the  same  longitudinal 
stress  as  before.  So  far  as  he  knew,  no 
experiments  had  ever  been  tried  upon 
that  point.  It  had,  however,  an  appli- 
cation to  the  theory  of  guns.  It  was 
generally  thought  that  a  press  cylinder 
or  gun  would  begin  to  give  way  just 
when  the  maximum  tension  in  the  ma- 
terial was  equal  to  the  limit  of  elasticity, 
and  it  was  tacitly  assumed  that  the  com- 
pressive stress  perpendicular  to  that  ten- 
sion would  not  affect  the  result.  He  did 
not  think  that  anything  of  the  kind 
should  be  assumed.  The  ordinary  re- 
sults of  testing  by  pure  tensile  stress 
ought  not,  he  thought,  to  be  applied  to 
cases  in  which  there  was  also  a  lateral 
stress.  The  same  consideration  applied 
to  many  other  cases.  In  the  shell  of  a 
boiler,  for  instance,  there  was  not  only 
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a  circumferential  tension,  but  a  longitu- 
dinal tension,  which  onght  to  be  consid- 
ered in  any  calculation  as  to  the  prob- 
able pressure  at  which  a  boiler  would 
burst.  It  appeared  to  him  that  that  was 
a  subject  deserving  investigation  ;  and 
until  more  was  known  about  it,  it  was 
impossible  to  say  definitely  what  the 
real  tendency  to  break  at  any  point  of 
such  a  structure  might  be. 

Mr.  Hadden  observed,  that  the  author 
had  quoted  Barlow's  formula  for  the  dif- 
fusion of  light,  and  so  applied  it  to 
guns  as  to  show  that  a  gun  might  be 
made  stronger  by  weakening  it,  as  he 
did,  90  per  cent,  on  the  outside.  All 
gunmakers  were,  however,  agreed  that 
the  bore  was  the  weakest  part,  its  strength 
depending  on  the  tensile  value  of  the 
metal,  not  on  its  thickness.  Dr.  Siemens, 
he  believed,  had  made  steel  capable  of 
resisting  100  tons  pressure  on  the  square 
inch,  and  others  had  reached  60,  70,  or 
80  tons  ;  but  in  the  case  of  the  "  Thun- 
derer" explosion,  details  of  which  he 
had  in  his  hand,  the  bursting  strain 
exerted  was  even  there  equal  to  350  tons 
on  the  square  inch.  But  if,  as  he  thought, 
the  accident  happened  by  expansion  and 
contraction  (for  which  no  allowance  was 
made  in  any  gun  that  he  had  ever  heard 
of),  it  was  equal  to  an  expansive  energy 
of  120  tons  per  square  inch  on  that  por- 
tion of  the  bore  exposed  to  heat.  The 
character  of  the  broken  section  in  no  way 
indicated  a  burst  necessarily  longitudinal 
in  direction,  but  indicated  a  tranverse  or 
shearing  strain.  It  appeared  to  him  to 
be  begging  the  question  to  acknowledge 
that  a  gun  could  not  be  made  that  would 
not  burst.  Such  a  gun  could  be  made 
if  the  bore  was  so  arranged  that  it  was 
not  exposed  nakedly  to  the  powder-press- 
ure and  heat.  It  had  been  sought  to  pro- 
vide against  the  weakness  of  the  bore — 
as  metal  sufficiently  strong  could  not  be 
manufactured — by  the  use  of  pebble  pow- 
der. The  advantage  of  pebble  powder 
was  obtained  by  so  enlarging  the  area  of 
the  charge  that  its  effort  was  spread  over 
a  larger  surface  longitudinally,  while  it 
might  be  better  effected  transversely 
without  chambering.  The  gun  possessed 
a  larger  margin  of  safety  by  diminisliing 
the  pressure  on  the  bore  from  35  to  40 
tons  per  square  inch  to  about  16  tons. 
It  was  inconvenient,  however,  to  have  a 
charge  5  or  7  feet  long,  as  in  the  case  of 


the  81-ton  gun,  when  a  charge  of  equal 
energy  could  be  put  in  the  trousers 
pocket.  It  would  be  seen  by  the  diagram 
(Fig.  1)  that  he  had  evaded  the  difficulty 
in  question,  so  that  the  metal,  instead  of 
having  the  requisite  200  tons  pressure 
per  square  inch  to  resist,  was  subject  to 
a  strain  of  only  40  tons.  A  gun  to  be 
safe  ought  to  be  prepared  to  resist  a 
stress  of  at  least  200  tons  per  square  inch 
in  the  bore.  The  Author  had  explained, 
that  when  a  gun  was  in  a  state  of  rest,  a 
certain  portion  of  the  gun,  say  the  area 
between  a  and  n,  was  in  compression  and 
the  rest  in  tension,  but  that  when  an  ex- 
plosion took  place  they  offered  mutual 
resistance.  Thus  as  there  were  two 
rings,  one  of  compression  and  the  other 
of  tension,  there  must  always  be  a  neutral 
circle  where  there  was  rest,  and  that 
point  was  at  n,  Fig.  1.  If  the  compres- 
sion ring  could  be  suppressed  altogether, 
and  something  put  in  its  place  that  was 
perfectly  inert,  the  area  of  resistance 
offered  to  the  charge  would  be  increased 
in  the  proportion  of  the  areas  of  n  to 
a,  so  that  the  pressure  at  n  would  be  very 
moderate  indeed,  in  fact,  reduced  to  the 
average.  Compression  area  might,  there- 
fore, as  well  be  omitted,  for  he  did 
not  believe  a  durable  or  safe  gun 
possible  which  converted  +  into  —  strains 
every  time  the  gun  was  fired.  As  the 
metal  of  the  present  gun  did  not  aver- 
age 50  tons  tensile  strength,  though  it 
was  necessary  to  make  it  resist  a 
strain  of  200  tons,  the  desired  result 
could  only  be  effected  by  an  expedient. 
The  space  between  the  fictitious  or  inner 
bore,  a,«  and  the  real  bore,  b,  was  to  be 
filled  in  by,  say,  compressed  paper,  which 
was  inert,  and  did  not,  like  metal,  carry 
its  expansive  energy  with  it.  The  paper 
rolls  used  by  calenderers  were  harder 
:  and  denser  than  steel.  It  might  appear 
a  paradox,  but  it  was  none  the  less  time, 
that  a  thick  gun  was  weakest  with  regard 
to  expansion,  and  strongest  with  regard 
to  pressure.  There  were,  therefore, 
these  two  contradictory  elements  in  the 
gun,  and  the  question  was  how  to  meet 
them;  he  believed  by  insulation.  He 
had  not  seen  in  any  gun  provision  for 
expansion  and  contraction,  although  even 
at  atmospheric  changes  of  temperature 
the  force  of  expansion  was  one  half  the 


force  of  the  powder,  say,  9  \  tons.    The  steel 
tube  had  proved  the  necessity  for  pro- 
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Diagram  of  9-inch  Gun. 

A,  fictitious  bore,  pressure=200  tons  per  square  inch. 

B,  actual  bore,  pressure =40  tons  per  square  inch. 
N,  neutral  circle  in  an  iron  gun. 

N,  non-conductor  ic  Mr.  Haddan's  gun. 

Note.— The  real  bore  is  coned,  to  equilibrate  the  pressure. 


viding  for  expansion  by  being  elongated 
some  inches  out  of  the  muzzle.  He 
could  not  agree  with  the  Author's 
method  of  calculating  circumferential 
stress,  just  as  if  the  gun  was  composed 
of  a  series  of  non-coherent  1-inch  discs 
split  in  half  and  hinged.  He  could  not 
see  why  Barlow's  theory  should  not  be 
equally  applied  longitudinally  as  trans- 
versely, in  fact,  spherically — or  rather, 
hemi-spherically ;  the  hemispheres  being 
separated  according  to  the  length  of  the 
charge,  as  shown  by  dotted  lines  and 
arrows  upon  the  diagram,  where  the 
charge  was  drawn  spherically  simply  for 
illustration.  The  Author's  calculation 
would  apply  if  the  gun  were  a  cylinder 
open  at  both  ends  and  the  whole  of  the 
bore  exposed  to  the  maximum  pressure 
simultaneously,  as  if  it  were  filled  with 
powder;  whereas  both  ends  were  practi- 
cally closed  and  the  pressure  was  con- 
centrated on  a  portion  only  of  the  bore. 
Mr.  Haddan  believed,  judging  from  well 
known  punching  experiments,  and  also 
with  the  ogival-headed  shot,  that  in  a 
manner  analogous  to  the  distribution  of 
pressure  through,  &c;  metals  also  trans- 
mitted pressure  through  their  mass  at 
angles  varying  with  their  molecular 
structure.  The  non-conducting  lining 
would  enable  a  weak  metal  to  success- 
fully resist  any  exaggerated  strain  re- 
quired whether  hot  or  cold,  provided  the 
area  exposed  to  the  force  could  be  suffi- 
ciently enlarged  to  obtain  the  same 
result   as   in   foundations.      The    other 


advantages  of  insulation  were :  it  enabled 
gun-cotton  or  concentrated  and  more 
portable  charges  to  be  used  without  risk 
to  the  gun,  since  without  diluting  the 
charge  with  air-spaces,  the  same  result 
was  obtained,  but  radially  as  attempted 
by  chambering  in  lieu  of  longitudinally. 
There  was  no  waste  of  gas-power,  from 
radiation  or  condensation.  The  heaviest 
gun  could  be  constructed  in  loosely-fit- 
ting pieces  and  built  up  in  situ.  Flaws 
were  not  of  consequence,  ..except  in  the 
insulator,  so  that  larger  guns  than  even 
the  100-ton  were  not  a  remote  contin- 
gency. Re-tubing  could  be  performed 
in  the  field.  The  insulating  tube  could 
be  supplied  to  existing  artillery  without 
reducing  the  caliber ;  and  breech-loaders 
became  feasible  when  the  movable  parts 
were  not  subject  to  heat.  With  refer- 
ence to  the  "Thunderer'.'  explosion  he 
would  merely  say  that  he  had,  previous 
to  receipt  of  data,  published  in  'Iron/ 
of  the  22nd  February,  an  exposition  of 
his  theory  of  shearing  the  gun  by  heat. 
He  calculated  that  the  heat  derived  from 
the  explosion  of  the  double  charge  would 
expand  the  bore  0.37  inch.  It  had  been 
established  that  there  was  a  radial 
increase  of  0.34  inch  in  the  diameter  of 
the  bore  at  the  point  of  rupture.  The 
rupture  took  place  precisely  at  the  spot 
where  the  gas-check  of  the  leading  shot 
rested ;  and  he  thought,  that  if  the  shot 
hesitated  to  move  for  an  appreciable 
time  after  the  gas-check  was  expanded, 
then  the  heat  in  the  rear  thereof  would 
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have  been  about  1,400°;  in  contradiction 
to  35°  of  temperature  forward.  The 
antagonistic  forces  requisite  to  shear  the 
cross-section  of  13.4  square  inches  were 
here  explained,  by  the  irresistible  force 
of  heat  expansion;  in  this  case=350,000 
tons.  The  gas-check  gave  the  knife-edge 
or  shear,  which  no  amount  of  pressure 
could  have  done,  since  the  rule,  that  the 
limit  of  continued  resistance  in  a  cylin- 
der was  measured  by  the  tensile  strength 
of  the  metal,  was  only  true  circamferen- 
tially,  and  would  have  manifested  itself 
in  longitudinal  ripping,  as  in  a  boiler.    ■ 

Commander  W.  Dawson,  R.  N.,  said 
that  great  strides  had  been  made  within 
living  memory  in  the  art  of  gun  manu- 
facture, not  by  soldiers  or  sailors,  but  by 
civilians,  and  chiefly  by  civil  engineers. 
He  gathered  from  the  paper  that  it  was 
desired  to  raise  the  art  of  manufacturing 
guns  into  a  science.  The  system  of  con- 
struction hitherto  adopted  has  been  a 
kind  of  rule  of  thivmb.  With  a  certain 
quantity  of  metal  to  be  manufactured 
into  a  gun,  it  was  left  to  experience  to 
determine  what  the  length  of  the  gun 
should  be,  the  size  of  the  bore,  the  di- 
mensions of  the  projectile,  and  the  charge 
of  gunpowder.  Guns  were  built  by  very 
practical  and  distinguished  men,  but 
they  did  not  pretend  to  construct  them 
on  any  scientific  principle.  The  author 
had  quoted  a  book  to  which  the  Secretary 
of  State  for  War  had  put  his  name ;  but 
it  should  be  remembered  that  that  book 
had  been  written  by  certain  young  gen- 
tlemen who  had  come  straight  from  the 
Academy  at  Woolwich,  and  not  by  Sir 
William  Armstrong,  or  by  any  of  the  gun 
manufacturers.  The  fact  was,  the  guns 
were  built  first  and  the  mathematical 
formulae  found  afterwards.  What  ought 
artillerists  to  exchange  for  the  rule  of 
thumb  that  had  hitherto  been  adopted  ? 
The  f ormulae  of  mathematicans  ?  Which 
mathematicans  were  they  to  follow  ?  The 
author  had  pointed  out  that  Professor 
Barlow  had  said  one  thing,  Dr.  Hart  an- 
other, and  he  another  ;  and,  since  the  dis- 
cussion had  commenced,  two  or  three 
mathematicians  had  suggested  other  for- 
mula). Should  gun-making  stand  still 
until  mathematicians  had  determined  the 
right  algebraical  expression  !  He  had 
great  respect  for  mathematicians,  but  he 
agreed  with  Dr.  Siemens  that  mathe- 
matics, while  a  good  servant,  might  be  a 
Vol.  XXI— No.  2—10 


very  bad  master.  All  the  formula)  to 
which  reference  had  been  made  were 
very  well,  if  the  values  of  the  different 
letters  could  be  obtained ;  but  if  those 
values  were  not  ascertained  by  experi- 
mental data,  the  formula)  were  simply  so 
much  juggling  with  letters  of  the  alpha- 
bet. Of  course  the  Woolwich  system 
was  theoretically  wrong,  and  no  one 
knew  that  better  than  the  constructors 
of  the  guns.  But  they  were,  perhaps, 
practically  the  best  available  in  the  pres- 
ent state  of  metallurgical  knowledge.  A 
hard  steel  tube  was  put  inside,  and  soft 
metal  outside.  What  could  be  worse 
than  that !  Of  course  the  soft  metal  out- 
side expanded  much  more  than  the 
tough  steel  inside,  and  if  it  was  over- 
strained it  would  get  the  "  set "  first.  It 
was,  however,  necessary  to  look  at  such 
matters  practically.  If  wrought  iron 
were  put  inside  heavy  ordnance,  as  in 
Sir  William  Palliser's  system  for  light 
guns,  what  would  happen?  It  would 
not  stand  the  erosion,  and  the  interior 
of  the  bore  would  be  guttered  and  soon 
destroyed.  It  might  be  said :  "  Why 
not  put  on  steel  jackets  outside  ? "  As 
far  as  he  had  been  able  to  gather  from 
the  progress  made  in  late  days,  makers 
were  constantly  improving  the  manufact- 
ure of  steel,  so  that  probably  in  a  few 
years  they  would  be  able  so  to  manipu- 
late steel  as  to  produce  any  amount  of 
ductility,  or  tensile  strength,  or  any  other 
quality,  that  might  be  required.  He 
looked  forward  to  the  possibility  of  put- 
ting outside,  not  wrought  iron  jackets, 
but  steel  jackets.  It  might  be  said  that 
the  plan  had  been  already  tried  ;  and  so 
it  had.  In  Krupp's  guns  a  steel  jacket 
was  used.  It  could  not  be  urged  that 
the  Germans  knew  nothing  of  war,  and 
never  fought ;  or  that  they  were  a  spend- 
thrift nation,  who  liked  to  pay  double 
the  necessary  price  for  their  weapons. 
At  all  events,  prima  facie,  the  expensive 
Krupp  guns,  which  were  steel,  and  were 
bought  in  preference  to  coil  guns  by 
every  nation  on  the  continent  except 
France,  had  something  in  their  favor. 
He  had  not  read  much  on  the  subject  of 
late,  but  a  few  years  since  he  read  a  de- 
fence of  the  Woolwich  system,  based 
upon  an  attack  on  the  Krupp  system, 
and  it  ended  in  his  being  nearly  con- 
verted the  other  way.  The  Author  had 
described  a  gun  which  he  did  not  wish 
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to  criticize  unduly,  because  he  felt  most 
grateful,    as   a    sailor,  to   civilians   who 
devoted    attention   to    subjects   of   this 
kind,  and  it  was  to  them  that  the  nation 
had  to  look  for   future  progress.      But 
looking  at  the  gun,  he  did  not  know  how 
the  dead  weight  at  the  breech  was  going 
to  hold  on  to  the  barrel  when  the  gun 
was  fired  with  heavy  charges.     The  chase 
of  the  gun  appeared  not  to  have  sufficient 
strength,  and  it  had  not  been  prepared 
for  the  accident  of  a  double  charge.     It 
had  hardly  strength  enough  for  a  single 
charge.     The  weight  ought  to  be  carried 
farther  forward.     A  space  of  10  feet  was 
occupied  by   the   two    charges    in    the 
Thunderer's  38-ton  gun,  and  there  was 
only  6J  feet  of  free  space.     He  had  not 
been  able  to  understand  from  the  paper 
how  the  gun  was  to  be  practically  con- 
structed, or  how  the  tensile  strain  was  to 
be  equably  applied.     If  the  plan  were  of 
value,  he  should  have  thought  that  dur- 
ing nineteen  years  some  talented  engi- 
neer would  have  applied  the  process  to 
strengthening  the    cylinders    of    steam 
engines.      Reference    had    been     made 
to   the  explosion  of  the  38-ton  gun  on 
the   Thunderer.      It   so   happened  that 
six     years     ago     he     had     read,      at 
the    Royal  United   Service   Institution, 
a  Paper  upon   that   very  gun,    and  he 
had  traced  certain  injuries,  not  to  the 
gun   itself,   but   to   the   shot  within   it. 
He  had  during  two  or  three  years  exam- 
ined a  great  number  of  shot  that  had 
been  recovered  after  being  fired,  and  had 
found  on  the  studs,  which  were  alone 
supposed  to  touch  the  gun,-  certain  marks 
which  ought  not  to  be  there  if  the  shot 
had  come  out  fair  and  straight  from  the 
gun.     They  were  wedge-shaped,  or  mis- 
shapen in  various  other  ways.     He  was 
not  allowed  to  see  the  guns  themselves, 
being  a  sailor,  and  not  a  soldier,  and  he 
accordingly  examined  the  published  offi- 
cial reports  with  regard  to  the  position 
of  the  marks  inside  the  guns,  and  ascer- 
tained that  a  large  number  of  the  guns 
were  injured  by  their  own  shot  in  com- 
ing out.     The  majority  of  these  injuries 
took  place  not,  as  might  be  imagined,  in 
the  powder-chamber,  but  in  the  portion 
of  the  gun   traversed  by   the   shot — in 
most  cases  within  10  or  12  inches  of  the 
seat   of  the   shot — and  these  "cracks," 
"burrs,"  and  other  marks  in  the   bore, 
were  directly  traceable  to  the  studs ;  in 


fact  the  marks  within  the  gun  and  the 
marks  on  the  studs  agreed.     It  was  no 
wonder   then    that    English    guns    had 
"  decidedly  the  lowest  velocities,"  accord- 
ing to  the  official    reports  from   Wool- 
wich.  When  two  similar  guns  were  fired 
with  similar   shot   and  similar  charges, 
and  one  shot  came  out  at  a  maximum 
speed  and  the  other  at  a  reduced  speed, 
what  was  the  cause?     The  same   force 
was  developed  in  the  powder  chamber, 
and  applied  to  the  base  of  the  two  pro- 
jectiles, but  when  the  two  shots  came 
out  of  their  bores  they  came  out   with 
different  energies.     It  was  evident  that 
the  differences  of  the  momentum  of  the 
two  escaping  shot  represented  the  force 
or  power  absorbed  within  the   gun   in 
making  the  marks,  and  in  injuring  its 
own  shot  and  the  gun  itself.      Certain 
400-lb.  common  shell  were  found  to  have 
their  walls   compressed    by    the    studs 
wedging  between  the  shell  and  the  bore, 
and  these  walls  had  to  be  strengthened 
by  reducing  their  powder  capacity.     An- 
other thing  he  had  observed  was,  that 
there  was  no  relation  between  the  pow- 
der pressure   in   the   chamber   and   the 
velocity  with  which  the  shot  came  out  of 
the  gun.     On  the  contrary,  there  was  a 
difference  of  from  20  tons   to   60  tons 
pressure  per  square  inch  on  the  base  of 
the  projectile,  and  yet  the  shot  came  out 
with  the   same  velocity  as   before;    or 
sometimes  it  was  reversed,  and  it  came 
out  with  less  velocity  when  there  was  a 
high  pressure  on  its  base  than   it   did 
when  there  was  a  low  pressure  in  the 
chamber.     These  were  facts,  taken  from 
the  published  reports,  and  it  was  upon 
them  that  he  had  examined  the  position 
of  the  injuries  on  piles  of  recovered  pro- 
jectiles and  in  the  reports  on  damaged 
guns,  and  had  based  the  strictures  he 
had  made  six  years  ago,  on  the  gun  that 
had   now  failed.     His    belief   was,   that 
whatever  fault  existed  was   not  in  the 
gun  nor  in  the  gunpowder,  but  in  the 
shot,  the  exit  of  which  from  the  bore  was 
obstructed  by  the  wriggling  motion  inci- 
dental  to   its   being    balanced    on    two 
points  nearly  under  the  center,  and  to  its 
having  a  rifle-bearing  of  less  than  1  inch 
in  each   groove.     The   explosion  in  the 
"  Thunderer  "  was  not  the  first  that  had 
occurred.     A  68-pounder  of  Sir  William 
Palliser's  construction  had  exploded,  and 
Captain  Dawson  had  endeavored  to  dis- 
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cover  the  reason.     He  believed  that  the 
powder  charge  had  only  a  secondary  part  | 
in    that   explosion.     The    accident    had 
nothing  to  do  with  the  construction  of  J 
that  gun.  for  the  gun  was  stronger  than 
it  was  before ;  the  sole  cause  was   the 
wriggling  of  the  studded  shot  in  its  effort 
to  escape  from  the  charge.     The  peculiar 
way  in  which  the  shot  was  balanced,  in 
unstable    equilibrium    upon  two  points, 
prevented  it  sliding  out  as  if  on  rails. 
Two  bronze  guns  were  exploded  in  India 
during  experiments,  and  the  marks  within 
them  were  noted  as  the  firing  proceeded. 
Those  marks  were  clearly  shown  to  have 
been  made  in  front  of  the  seat  of   the 
studs  by  the  studs,  and  not  by  the  pow- 
der.    When  the  accident  on  board  the 
"  Thunderer  "  was  first  reported  in  Eng- 
land, one  of  the  causes  assigned  was,  that 
there  was  an  air  space  in  the  gun,  and 
some  authorities  stated  that  that  would 
burst  the  gun.     In  his  experience  as  a 
naval  officer  he  had  had  the  responsible 
charge  of  firing  from  eight  thousand  to 
ten  thousand  heavy  shot  of  the  period, 
and  he  was  quite  sure  that  several  hund- 
red of  them  must  have  been  fired  with  a 
space  between  the  shot  and  the  cartridge. 
It  was  difficult  to  get  a  heavy  gun  out  in 
a  rolling  slnp  without  a  jar,  which  shifted 
the   shot  from  its   place ;    but   he   had 
never  heard  of  a  gun  exploding,  or  any 
serious    injury    happening,    from     that 
cause.      It   was    found    by   experiment, 
that  if  a  gun  were  inclined  14°  the  shot 
would  slip  out  a  certain  distance ;  and  a 
roll  of  14°  for  a  ship  was  nothing,  so 
that  such  a  slip  must  be  of  frequent  oc- 
currence.    He   did  not  believe  that  an 
air  space  would  lead  to  an    explosion ; 
but,  if  it  were  otherwise,  it  was  disgrace- 
ful that  he  should  be  left  in  ignorance  of 
the  fact — that  having  had  the  firing  of 
so  many  heavy  guns  under  his  charge,  he 
should  never  have  been  told  of  this  dan- 
ger.    It  was   often   wanted   to  explode 
enemy's  guns,  and  it  was  not  known  how 
to  do  it ;  so  that  the  discovery  that  a 
little  air  was  all  that  was  wanted  to  de- 
stroy captured  guns  might  be  really  use- 
ful.    Another  reason  had  been  recently 
given,  that  there  were  two  charges  in 
the  gun  of  the  united  weight  of  195  lbs. 
of  powder  and  1,315  lbs.  of  shot.     Many 
persons  might  think  that   that   circum- 
stance was  rather  astounding,  but  it  was 
a  thing  that  must  have  frequently  hap- 


pened before.     When  fifty  or  sixty  guns 
were  being  fired  close  together,  it  was 
difficult   to  tell  whether   one  particular 
gun  had  gone  off  or  not,  so  that  in  form- 
er naval  actions  many  guns  must  have 
been   so  treated.     The  occurrence  hap- 
pened sometimes  even  in  ordinary  quiet 
target  practice,  and  he  had  observed  it 
in  his  own  personal  experience.     On  one 
occasion,  when  firing  on  board  an  eighty- 
gun  ship,  as  he  went  along  the  battery 
he  noticed  that  the  rammer  of  a  gun  was  * 
not  inserted  to  the  proper  distance,  and 
he  called  out  "Not  home."     The  captain 
of  the  gun  replied,  "  Yes,  it  is  home." 
Captain  Dawson  looked  in,   and   found 
the  gun  was  half  full  of  charges.  A  worm 
was  then  brought  and  three  charges  were 
puiled  out,  the  fourth  having  been  about 
to  be  put  in.     What  would  have   hap- 
pened if  the  gun  had  been  fired  with  the 
four  charges?     There  would  have  been 
a  little  kick,  and  that  would  have  been 
the  end  of  it.    It  was  one  of  the  old  cast- 
iron  guns,  that  were  nowadays  desjrised. 
The   reason  why  no  harm  would  have 
been  done  was,  that  there  was  no  shot  in 
the  gun.     It  was  the  shot  that  did  the 
mischief.     If,  however,  the  shot  could  be 
made  to  glide  away  from  its  seat  without 
wriggling,  no  mischief  would  be  done ; 
the  gases  would  escape,  and  no  explosion 
would  take  place.     Whether  the  "  Thun- 
derer's "  38-ton  gun  exploded  by  detona- 
tion or  not,  the  chances  of  its  doing  so 
would  have  been  much  lessened,  if  the 
shot  could  have  slipped  out  of  the  way 
on  rails  with  ease,  instead  of  having  to 
give  several  preliminary  wriggles  before 
starting   fair.     When   investigating   the 
question  a  few  years  ago,  he  had  been 
puzzled  at  finding. that  a  10-inch  gun, 
which  had  been  boasted  about  a  good 
deal  at  Woolwich,  had  been  fired  a  great 
many  rounds  without  being  battered  to 
pieces  by  its  own  studded  shot,  like  other 
Woolwich  guns.     He   found  on  inquiry 
that  the  studs  had  been  clipped  off  the 
shot,  so  that  their  whole  length  rested 
upon   the   bore  and  they  were  able  to 
come  out  freely,  and  the  gun  at  the  end 
of  the  firing  was  almost  as  good  as  it 
was  on  the  day  when  it  was  made.     The 
great  evil  of  English  guns  was  the  ex- 
tremely low  velocity  of  the   projectiles 
when  fired,  so  that  they  hit  very  weak 
blows.     Whilst   the   German   guns   had 
been  subjected  to  the  rough  usages  of 
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war,  the  English  heavy  guns  had  never 
been  tried  in  action  except  once,  or  in 
any  way  similar  to  a  naval  action.  The 
only  case  was  that  of  the  "Shah"  and 
the  "Huascar."  The  "Huascar"  was  an 
ironclad,  with  as  thin  sides  as  the  old 
"Warrior."  After  firing  16  tons  of  shot 
and  about  431  rounds  at  her,  the  result 
was  that  one  man  on  board  the  "Huas- 
car" was  killed.  It  should  always  be 
remembered  that  fifty  shot  had  to  be  fired 
for  one  effective  hit.*  That  was  the 
practical  way  in  which  the  question 
should  be  regarded.  A  gun  was  wanted 
that  would  fire  fifty  rounds  in  as  short  a 
time  as  possible,  so  as  to  make  the  one 
effective  hit  quickly  before  the  enemy 
could  make  his  hit.  Of  course  the  gun 
got  heated;  then  the  interior  expanded 
and  the  exterior  expanded,  and  if  the  ex- 
terior did  not  expand  at  the  same  rate  as 
the  interior,  but  took  a  "  set "  sooner, 
the  evil  complained  of  would  occur. 

Admiral  Selwyn  thought  the  Author 
had  shown  quite  sufficient  energy  and 
determination,  and  prima  facie  argu- 
ment, to  justify  him  in  seeking  and  ob- 
taining, what  all  such  matters  deserved, 
an  experimental  trial.  When  it  was 
stated  that  a  gun  could  be  built  for  one 
quarter  of  the  cost  of  the  existing  guns, 
a  good  case  was  made  out  for  a  trial  of 
the  system.  Guns  of  100  tons  had  been 
sold  to  the  Government  for  £16,000  each 
by  Sir  William  Armstrong,  and  the  na- 
tion would  certainly  desire  to  economise 
in  that  direction.  He  was  not,  as  a  sailor, 
competent  to  decide  upon  the  question 
of  the  tensile  strain  into  which  a  coil  of 
wire  would  be  thrown  by  the  discharge 
of  powder  inside  it ;  but  he  could  hardly 
believe  that  an  engineer  would  tell  him 
that  an  effect  might  be  greater  than  its 
cause.    If  the  pressure  gauges  had  shown 

*  The  old  rule  was,  "  The  weight  of  the  gnn  in  shot  to 
kill  one  man,"  or  two  effective  hits  per  huudred  shot 
fired.    The  shot  fired  at  the ' '  Huascar  "  were  : 

"Shah  "fired 

32  projectiles  of  250  lbs.  from  12  J  ton  guns  =  3£  tons 

"    149  "  100        "  6£     "         =  6A    " 

"     60  "  64        "  3£     "         =  i|    " 


241 

190  "Amethyst"  64 


Total 


11|   " 
=    5i    " 

IT   " 


Total431         " 

The  range  varied  from  300  to  2,000  yards.  The  firing 
was  spread  over  2|  hours.  Four  250  lbs.  projectiles,  two 
100  lbs.  projectiles,  and  four  of  the  64  lbs.  projectiles  struck 
the  hull  of  the  "  Huascar,"  =  10  shots  out  of  431,  i.e.,  bet- 
ter than  the  ordinary  rule  of  discharges,  2  per  cent,  or 
one  hit  in  fifty.  There  were  two  perforations  of  the  hull, 
and  one  man  was  killed  and  one  wounded  by  these  431 
projectiles. — W.  D. 


an  extreme  pressure,  of  from  24  to  27 
tons  per  square  inch,  he  did  not  see  how 
the  wire  could  get  a  greater  pressure 
from  any  other  source.  Powder  gas  was 
made  under  certain  conditions ;  it  gave 
a  fair  record  of  its  pressure  wherever 
it  found  anything  to  crush ;  and  he 
believed  the  authorities  at  Woolwieh 
were  satisfied  that  that  strain  under 
ordinary  conditions  was  not  practically 
exceeded  in  a  gun.  Sir  Joseph  Whit- 
worth  had  made  a  gun  of  solid  steel,  in 
which  he  could  burn  away  the  whole 
charge  through  the  touch-hole,  the  gun 
being  plugged  up.  It  was  time  attention 
should  be  paid  to  making  guns  stronger 
and  of  better  metal ;  and,  if  the  Author 
had  been  able  to  advance  from  two  laws 
which  were  not  applicable  to  the  case  to 
a  law  which  was  applicable,  being  only 
subject  to  a  slight  error  of  3  or  4  tons, 
such  a  great  theoretical  advantage  ought 
to  be  received  with  pleasure  by  gun 
manufacturers.  There  was  a  time  when 
strong  guns  bore  the  pressure  and  the 
number  of  fires  required  from  them  with 
perfect  stability.  The  bursting  of  an 
iron  gun  was  rare,  unless  there  was  some 
extraordinary  maltreatment.  A  new 
mode  was  then  discovered  of  rifling  guns, 
and  thereby  getting  greater  accuracy  and 
a  longer  range  with  a  smaller  diameter 
and  greater  length  of  shot ;  but  it  was 
ascertained  that,  in  order  to  produce  the 
rotation  of  the  elongated  projectile  as 
well  its  projection,  without  greatly  in- 
creased strain,  there  had  to  be  a  less 
powder  charge ;  and,  indeed,  even  with 
less  powder  charge,  strains  were  set  up 
which  could  not  be  met  by  built-up  guns. 
The  powder  was  then  changed  for  one 
resembling  the  weakest  powders  made 
in  China  and  in  India.  It  was  good 
enough  for  its  purpose,  because  it  burnt 
over  a  long  time,  and  in  a  long  gun  it 
answered  very  well.  The  guns  next  had 
to  be  made  longer  in  consequence  of  the 
weak  powder,  and  then  it  became  neces- 
sary to  enlarge  the  casemates  to  receive 
the  longer  gun.  It  was  next  ascertained, 
according  to  the  late  report  of  the  Artil- 
lery Committee,  that,  unless  the  gun  was 
washed  out  carefully  after  every  round, 
the  shot  tended  to  jam  up  against  the 
fouling.  If  the  guns  were  stronger,  good 
powder  could  be  used,  and  they  might 
be  shorter,  and  there  would  be  no  smoke 
in  the  casemates,  which  led  to  the  aban- 
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donrnent  of  breech-loading  artillery  for 
ships  thirty  to  forty  years  ago.  He  re- 
membered seeing  the  first  gun  of  that 
kind  tried,  and  it  rilled  the  whole  deck 
with  a  peculiar  kind  of  smoke.  "When 
the  breech  of  the  gun  was  opened  in  the 
confined  space  after  firing,  the  draught 
of  air  set  up  changed  the  carbonic  acid 
gas,  which  would  be  the  result  of  perfect 
combustion,  to  carbonic  oxide  gas — prob- 
ably because  the  oxygen  coming  in  took 
up  some  of  the  unburnt  carbon  remain- 
ing in  the  gun.  and  thus  made  CO  instead 
of  CO' — which  was  of  a  very  stilling  na- 
ture. There  was  another  reason  for  not 
using  bad  powder.  It  had  been  discov- 
ered that  the  same  kind  of  powder  would 
not  do  for  more  than  two  or  three  kinds 
of  guns  :  that  one  kind  was  required  for 
a  mortar,  another  for  a  howitzer,  another 
for  a  long  gun,  and  so  on.  That  of 
itself  introduced  objectionable  complexity 
into  the  subject  of  powder  supply  in 
action.  Sometimes,  again,  the  whole 
charge  ignited,  while  at  other  times 
many  grains  were  unignited,  and  that 
caused  a  difference  of  range.  All  those 
were  results  of  abandoning  correct  prin- 
ciples. The  best  materials  should  be 
employed  for  making  powder  gas,  and 
the  authorities  ought  not  to  be  induced, 
by  any  deficiency  in  the  machine  in  which 
the  gas  was  used,  to  give  up  the  manu- 
facture of  it  from  the  best  materials,  and 
in  the  manner  most  calculated  to  produce 
perfect  combustion.  With  regard  to  the 
closure  of  the  bore,  to  which  reference 
had  been  made,  some  years  ago  his  at- 
tention had  been  drawn  to  a  clever  use 
of  the  cylindrical  wedge  by  Major  Pen- 
rice,  who  showed  that,  by  taking  a  cylin- 
der about  the  size  of  the  shot  belonging 
to  a  gun,  and  dividing  it  into  three 
wedges,  the  base  of  the  central  wedge 
being  towards  the  powder,  no  explosion 
of  powder  could  drive  that  out  of  the 
bore ;  there  was  an  irremovable  wedge 
against  -powder  impact,  but  a  perfectly 
removable  one  against  the  slightest  push. 
Thus  the  whole  longitudinal  strain  was 
transformed  into  circumferential  strain, 
if  there  was  radial  strength  enough  ;  and 
there  should  be  no  necessity  for  the 
rather  cumbrous  machinery  that  had 
been  brought  forward.  He  did  not  find 
fault  with  it,  as  some  had  done,  because 
he  doubted  whether  the  tensile  strain 
could  be  properly  calculated  on  the  con- 


necting bars  outside.  He  had  no  doubt 
that  the  Author  had  calculated  the  ten- 
sile strain  on  his  bars  sufficiently  ac- 
curate to  dispose  of  the  question. 
It  was  important  to  have  as  light  a 
gun  as  possible.  People  said  :  "  If  you 
have  a  light  gun  you  will  have  a  heavy 
recoil."  Colonel  Moncrieff  had  shown 
an  accurate  and  scientific  mode  of  do- 
ing away  with  that  objection.  He  had 
utilized  the  recoil,  instead  of  allowing 
it  to  destroy  the  carriage,  by  making 
it  bring  down  the  gun  into  cover.  He 
did  not  fear  firing  with  the  lightest 
gun  that  could  be  given  to  him.  It 
was  in  a  scientific  direction  that  the 
objection  was  to  be  removed,  just  as 
the  objection  to  bad  powder  was  to  be 
removed  by  increasing  the  strength  of 
the  gun,  in  whatever  manner.  No  doubt 
solid  steel  guns  would  be  more  cheaply 
manufactured  than  with  almost  any 
other  material.  He  did  not  know 
whether  Dr.  Siemens  could  produce  a 
gun  of  solid  cast  steel,  tempered  as  he 
had  described,  and  as  Captain  Rodman 
had  first  described  for  cast  iron  guns, 
at  the  same  price  as  the  Author  had  spoken 
of.  But,  even  if  that  could  be  done,  he 
saw  no  objection  to  having  experiments 
with  the  Author's  system  ;  and  he  was 
quite  sure  that,  when  the  House  of 
Commons  and  the  nation  thoroughly 
understood  that  money  spent  in  experi- 
ments on  those  subjects,  under  proper 
supervision  and  advice,  was  the  cheap- 
est and  wisest  expenditure,  complaints 
would  no  longer  be  made  by  so  many 
inventors  that  they  could  not  get  their 
principles  worked  out  to  the  bitter  end. 
Engineers,  who  well  knew  how  much 
they  owed  to  experiments  conducted  by 
members  of  their  own  body  at  great 
expense  to  themselves,  and  how  the 
nation  had  benefited  by  them,  would,  he 
hoped,  always  be  advocates  of  liberal 
votes  for  experiments.  He  was  sorry  to 
hear  the  Author  say  that  he  had  no 
longer  any  other  than  a  scientific  interest 
in  the  question,  because  he  knew  that 
any  invention  in  which  only  a  scientific 
interest  was  felt  was  like  an  orphan 
child.  Nobody  put  any  money  in  it, 
because  there  was  nothing  to  be  got  out 
of  it.  So  many  discussions  on  different 
systems  would  not  have  been  heard  in 
the  Institution  of  Civil  Engineers,  if  it 
had  not  been  felt  by  the  speakers  that 
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they  had  a  property  in  the  inventions, 
and  that  they  could  do  something  better 
than  anybody  else  could  do  it.  That 
was  a  stimulus  which  he  longed  to  see 
applied  throughout  the  nation — a  stimu- 
lus which  would  produce  new  industries, 
new  trade  and  commerce;  and,  as  soon 
as  reasonable  protection  could  be  given 
to  inventions,  which  were  the  seed-corn 
of  industry,  it  would  be  found  that 
England  would  not  be  behind  America 
in  its  powers  of  production. 

Captain  Noble  observed,  through  the 
Secretary,  that  with  many  of  the  Author's 
theoretical  views  he  concurred.  As  far 
as  he  remembered,  the  formulae  he  used 
were  deduced  (in  an  able  memorandum 
by  Mr.  Brooks,  which  formed  part  of  the 
Author's  former  Paper)  from  the  ex- 
pression for  the  strength  of  cylinders  or 
hoops  in  common  use;  and  these  formu- 
lae, or  similar  ones,  no  doubt  underlaid 
the  principles  upon  which  all  built-up 
ordnance  of  the  present  day  was  con- 
structed. He  could  not,  however,  agree 
that  the  description  given  by  the  Author 
of  the  Armstrong  mode  of  construction 
was  at  all  in  accordance  either  with  the 
views  or  the  practice  prevailing  at  the 
Elswick  works.  In  all  cases  when  a  gun 
had  to  be  designed,  the  maximum  press- 
ure to  which  it  was  to  be  subjected  was 
first  determined.  The  dimensions  and 
shrinkages  of  the  coils  were  then  fixed, 
the  calculated  shrinkages  being  greatly 
modified  by  the  results  of  a  long  series 
of  experiments  carried  on  during  many 
years,  chiefly  by  Sir  W.  Armstrong 
personally.  Rightly  or  wrongly,  proof 
had,  it  was  believed,  been  obtained  that, 
with  the  shrinkages  applied,  greater 
strength  was  got  than  would  be  the  case 
were  the  guns  made  in  accordance  with 
the  rules  recommended  by  the  Author. 
He  was  also  unable  to  concur  in  the 
view,  that  there  was  any  ground  for  sup- 
posing that  by  the  explosion  of  a  charge 
of  powder  in  a  gun,  that  gun  was 
strained  to  double  the  extent  it  would 
be  were  the  same  pressure  gradually 
applied.  As  far  as  he  knew,  in  almost 
all  cases  where  material  had  failed  under 
the  employment  of  suddenly  applied 
strains,  such  failure  had,  in  his  opinion, 
been  chiefly  due,  not  to  the  suddenness 
of  the  application,  but  to  the  fact  that, 
from  the  modus  agendi,  energy  in  one 
form  or  another  had  been  generated,  so 


that,  in  addition  to  the  ordinary  strain, 
the  material  had  had  to  bear  the  extra 
strain  arising  from  this  cause.  So  far 
from  thinking  that  a  gun,  under  the 
actual  circumstances,  would  only  stand 
half  of  what  it  would  do  were  the  press- 
ure applied  more  gradually,  he  believed 
that  many  guns,  owing  to  the  almost 
infinitesimal  time  during  which  the  high- 
est pressures  acted,  withstood  pressures 
that  would  undoubtedly  cause  their  fail- 
ure were  such  pressures  of  longer  dura- 
tion. As  regarded  the  mode  of  manu- 
facture for  which  the  Author  contended, 
he  might  mention  that  the  same  idea  was 
independently  proposed  by  the  late  Mr. 
Brunei,  when  attention  first  began  to  be 
directed  to  rifled  ordnance,  and  that  he 
asked  Sir  William  Armstrong  to  con- 
struct a  gun  on  this  principle.  The 
work  was  commenced,  and  would  havo 
been  carried  out  had  not  Mr.  Brunei 
countermanded  the  order,  on  hearing 
that  a  patent  had  been  taken  out  by  the 
Author  for  the  same  thing.  It  was  after- 
wards found  that  a  still  earlier  patent 
had  been  taken  out  by  Captain  Blakely ; 
and  he  had  been  informed  that  a  gun 
was  made  and  tried  in  America  on  the 
same  principle,  under  the  direction  of 
Professor  Treadwell.  Attention  had  been 
frequently  given  to  the 'subject  at  Els- 
wick, but  the  advantage  of  the  system 
had  been  considered  much  more  ques- 
tionable on  practical  than  on  theoretical 
grounds. 

Mr.  Canet  said,  in  the  course  of  the 
discussion  mathematicians  had  been 
taunted  with  being  unable  to  agree 
amongst  themselves  as  to  the  accuracy 
of  the  various  formulae  propounded  for 
giving  the  strength  of  a  tube  subjected 
to  an  internal  pressure,  and  therefore  it 
was  argued  that  mathematics  had  nothing 
to  do  with  the  construction  of  ordnance, 
and  that  the  well-known  rule  of  thumb 
was,  the  only  safe  guide.  He  could  not 
agree  with  this,  as  it  was  not  disputed 
that  Professor  Barlow's  law  was  only 
approximate;  but,  if  no  notice  were 
taken  of  the  valuable  indications  given 
by  theory,  it  would  not  be  possible  to 
judge  accurately  of  the  strength  of  guns- 
of  various  systems  of  construction,  which 
he  considered  was  the  subject  under  dis- 
cussion; and  the  manufacture  of  ord- 
nance would  go  on  as  at  present,  every 
manufacturer    pretending   to   make   the 
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most  reliable  guns.  The  strength  of 
cylinders  had  been  fully  investigated  for 
the  first  time  by  Monsieur  Laim',  who 
gave  its  true  theory  in  his  "Legons  BUT 
la  Theorie  Mathematique  de  TElastieite 
des  corps  solides."  From  this  theory 
deduced  the  following  formula,  for 
the  internal  equilibrium  of  a  cylinder 
subjected  to  interior  and  exterior  press- 
ures/, and/;. 


p*       R2+ya 
Ra 


-/, 


p2+.vJ 


In  order  to  avoid  confusion  he  had  kept 
the  same  notation  as  the  Author.  This 
formula  depended  upon  the  admission 
that  the  metal  forming  the  cylinder  was 
equally  elastic  at  every  point  of  its  mass, 
and  in  every  direction — in  other  words, 
that  the  metal  was  homogeneous;  so 
that,  if  the  formula  could  not  be  applied 
to  a  metal,  it  would  not  be  the  fault  of 
the  formula  but  of  the  metal  itself,  which 
was  not  as  perfect  as  was  admitted  in 
the  formula.  But,  even  in  this  case,  the 
problem  had  been  solved  by  an  able  offi- 
cer, General  Virgile,  of  the  French  artil- 
lery. He  had  assumed  in  his  calculations 
three  moduli  of  elasticity,  varying  accord- 
ing as  the  metal  was  taken  radially,  cir- 
cumferentially,  or  longitudinally,  thus 
allowing  for  all  the  variations  that  were 
likely  to  be  found  in  practice.  This 
involved  long  calculation,  and  for  prac- 
tical purposes  formula  (1)  was  sufficient. 
The  Author,  in  his  calculations  of  the 
strength  of  a  gun,  had  taken  a  certain 
definite  shrinkage,  a  certain  interior 
pressure,  and  a  certain  modulus  of  elas- 
ticity. Should  these  three  elements  of 
the  calculation  not  exist  in  the  gun 
under  consideration,  in  the  precise  form 
that  the  Author  had  assumed,  the  calcu- 
lations would  have  to  be  re-made.  It 
was,  for  these  reasons,  difficult  to  com- 
pare one  system  of  construction  with 
another,  in  following  the  Author's  method 
of  calculation.  But  this  could  be  done, 
he  thought,  simply  as  follows.  It  was 
obvious  that  in  a  gun  no  part  ought  to 
be  strained,  before  and  during  explosion, 
beyond  the  elastic  limit  of  the  metal  of 
which  it  was  composed.  If  this  condi- 
tion was  not  fulfilled,  the  gun  would  be 
injured  permanently  at  each  round  fired, 
and  failure  would  be  imminent.     It  was 


equally  obvious  that,  to  get  the  maximum 
resistance  out  of  a  built-up  gun  when  the 
interior  pressure  reached  a  certain  point, 
the  interior  surface  of  every  layer  or  sec- 
tion of  which  the  gun  was  composed 
(which  wTas  the  part  of  each  layer  or  sec- 
tion most  strained)  should  be  stretched 
at  the  same  time  up  to  its  elastic  limit. 
He  therefore  called  the  strength  of  a  gun 
the  maximum  pressure,  per  square  inch, 
that  could  be  exerted  in  the  bore  with 
out  straining  any  part  of  the  gun  beyond 
its  elastic  limit,  the  shrinkage  being  dis- 
posed during  manufacture  so  as  to  make 
each  laver  or  section  work  to  the  utmost 
whilst  the  structure  was  under  that  press- 
ure ;  and  he  had  assumed  in  his  calcula- 
tions that  these  conditions  had  been  ful- 
filled. To  have  the  internal  normal 
pressure  at  the  inner  surface  of  the 
(n  +  l)th  ring,  let  in  equation  (1) 

t=Tn 


then 

Jn  =  ln 


Jo  —j  n        fx  — /n+1 

IV +i  -R«2      2/„+i  Rn3+i 


+ 


R2«+l    +IV     '    Rn2+1   +Rn 


v2) 


Rn  and  Rn+i  were  the  radii  of  contact  of 
the  ring  under  consideration ;  Tn  was  the 
elastic  limit  of  the  metal  of  the  ring ;  and 
fn  the  normal  pressure  on  the  interior 
surface  of  the  ring. 

For  the  last  ring,/n+i=0. 

From  equation  (2)  it  would  be  easy  to 
calculate /n,  then/^i,  then/n_2 .  . .  .f0. 

He  had  made  these  calculations  for 
several  guns,  taking  for  the  elastic  and 
ultimate  stress  of  steel  the  figures  given 
in  Table  I.     These  materials  were  used 

Table  I. 


Wrought  iron  used  at  Wool-  j 
wich j 

Oil-tempered  steel  for  tubes. 
"  "  jackets  re- 

heated and  cooled  in  oil . 

Oil-tempered  steel  for  tubes 
"               "  jackets  re- 
heated and  cooled  in  at- 
mosphere  

Soft  steel  for  exterior  rings! . 


Stress  per  Square 
Inch. 

Elastic . 

Ultimate 

Tons. 

Tons. 

11 

83 

25 

50 

21 

40 

18 

35 

16 

32 

144 


van  nostkand's  engineekestg  magazine. 


at  the  London  Ordnance  Works,  with 
which  he  was  connected,  and  the  results 
quoted  were  obtained  by  direct  experi- 
ment. The  solid  10-inch  guns,  of  cast 
iron,  wrought  iron  and  steel,  given  for 
comparison,  were  supposed  to  be  made 
of  the  same  dimensions  as  the  Woolwich 
gun.  The  80-pounder  B.L.,  10-inch  and 
12-inch  built-up  steel  guns,  were  of  the 
construction  originally  adopted  by  the 
late  Captain  Blakely,  K.A.,*  and  now 
manufactured  by  Mr.  Vavasseur,  M.  Inst. 
C.E.  They  consisted  of  a  tube,  jacket, 
and  one  or  two  layers  of  steel  rings  ac- 
cording to  the  caliber.  He  had  selected 
these  guns  because  they  were  those  with 
which  he  was  best  acquainted. 

It  was  easy  to  demonstrate  mathematic- 


ally that  a  sudden  strain  was  equivalent 
in  effect  to  double  a  steady  strain  of  the 
same  amount.  On  the  other  hand,  Mr. 
Kirkaldy  found  by  experiment  that  the 
effect  of  a  sudden  strain  was  equal  to 
81.5  per  cent,  of  a  steady  pull.  This 
depended,  of  course,  upon  the  sudden- 
ness of  the  application.  It  seemed  ob- 
vious that  in  a  gun  the  strain  was  ap- 
plied more  suddenly  than  could  be  done 
in  experiments,  so  that  a  strain  of  81.5 
per  cent,  was  too  much,  and  of  50  per 
cent.,  which  was  the  theoretical  amount, 
too  little.  In  taking  a  mean  between  the 
two,  say  66  per  cent.,  or  f,  he  would 
probably  be  nearer  the  truth,  and  the 
figures  of  the  fourth  column  of  Table  II. 
had   been   so  calculated.     They  showed 


Table  II. 


gun 


9-pounder  gun,   Woolwich  construe 

tion,  mark  II 

Same  gun,  built  up  with  steel 

80-pounder  B.L.   built-up  steel 

Vavasseur  construction 

7-inch  gun,  90  cwt.,  Woolwich  con- ) 

struction,  mark  I ) 

Same  gun  built  up  with  steel 

10-inch  solid  cast-iron  gun 

'*  "    wrought-iron  gun 

"    steel  gun 

gun  Woolwich  construction,  ) 

mark  I \ 

10  inch  gun  Woolwich  construction,  [ 

mark  II \ 

10-inch  built-up  steel  gun,  Vavasseur  ( 

construction ) 

12-inch  38-ton  gun,   Woolwich  con- ) 

struction f 

12-inch  built-up  steel  gun,  Vavasseur  [ 

construction ) 

80-ton  gun,  Woolwich  construction 


Greatest 
Diameter 

over 
Chamber. 


Inches. 

9.75 

«< 

22.5 

26.0 
et 

45.0 


41.0 

57.5 

45.0 
72.0 


Weight 
of  Gun. 


Tons. 

0.4 
(t 

4.0 

4  5 

18.0 


16.3 

38.0 

27.0 
80.0 


Strength  of  Gun  per 
Square  Inch  in  bore. 


Statical. 


Tons. 
19.94 
29.17 
34.32 

26.21 

35.60 
5.44 
9.97 

14.50 

23.84 
28.62 
39.74 
30.82 

36.13 

28.49 


Dynamical 


Tons. 
13.3 
19.4 
22.9 

17.5 

23.7 
3.6 
6.6 
9.6 

16.0 

19.1 

26.5 

20.5 

24.1 
19.0 


Initial 
Compres- 
sion 
of  Bore 
per  Square 
Inch. 


Tons. 
+  0.9 
-10.3 
—15.6 

—  5.3 

—16.3 
0 
0 
0 

—  1  3 

—  6.6 

—19.8 

—  8.6 

—16.7 

—  6.5 


clearly  the  maximum  pressure  that  could 
be  used,  according  to  the  system  of  con- 
struction, without  injuring  the  gun  per- 
manently  at   each   round.       If    greater 

*  Captain  Blakely  was,  he  believed,  the  first  to  con- 
struct built  up  guns  of  steel.  In  the  Exhibition  of  1862 
he  exhibited  several  built-up  steel  guns.  One,  made  at 
Liverpool,  was  of  8  inches  bore ;  another,  of  6  inches 
bore,  was  made  b}'  Mr.  Vavasseur ;  while  all  the  guns 
exhibited  by  Mr.  Krupp  were  made  of  solid  forgings,  and 
had  even  the  trunnions  forged  on.— G.C. 


pressure  than  those  indicated  for  each 
gun  were  used,  in  order  to  obtain  greater 
effects,  then  the  life  of  the  gun  was  lim- 
ited to  a  certain  number  of  rounds.  Hav- 
ing found  the  strength  of  a  gun,  the  next 
thing  was  to  see  that,  in  its  initial  state, 
the  interior  surface  of  the  bore  was  not 
compressed  to  such  a  point  as  to  be  in- 
jured ;  and  it  was  this  condition  that  lim- 
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ited  the  strength  of  any  gun.  It  was 
highly  probable  that  the  compression 
necessary  to  injure  the  tube  of  a  gun  was 
very  great.  The  experiments  made  in 
crushing  pieces  of  metal,  that  were  al- 
lowed to  give  way  literally,  did  not  cer- 
tainly apply  to  cylinders  that  remained 
similar  to  themselves  when  under  press- 
ure. The  results  of  his  calculations  were 
embodied  in  Table  II.  He  found  that 
the  initial  compression  of  the  bore  of  the 
9-pounder  "Woolwich  gun  was  positive. 
By  this  expression  he  wished  to  convey 
the  idea,  not  that  the  bore  of  the  gun 
was  in  a  state  of  initial  tension,  but  that, 
with  the  proportions  of  steel  and  wrought 
iron  adopted,  it  was  impossible,  on  the 
basis  of  his  calculations,  to  obtain  the 
maximum  amount  of  resistance  from  the 
materials  employed  ;  therefore  the  gun 
was  slightly  weaker  than  a  solid  gun 
made  of  the  same  steel  as  the  tube.  But 
if  a  steel  jacket  was  substituted  for  the 
wrought-iron  coil,  the  strength  was  great- 
ly increased,  and  the  gun  wrould  prob- 
ably be  able  to  stand  well  with  any 
charge  of  powder,  as  it  was  easy  in  field 
guns  to  keep  the  pressure  of  the  gases 
under  15  tons  per  square  inch.  He  quite 
agreed  with  a  previous  speaker,  that  the 
Author  had  made  an  omission  in  not 
taking  into  consideration  the  lateral  de- 
formation of  a  cylinder  when  under  press- 
xu'e  and  submitted  at  the  same  time  to  a 
longitudinal  strain  ;  but  the  question  of 
the  shrinkage  had  not  the  importance 
that  had  been  attached  to  it  by  the 
Author — on  the  condition,  however,  that 
the  shrinkage  was  not  less  than  that 
which  was  given  by  the  theory,  and  not 
so  great  as  to  bring  the  outer  layer  on 
the  point  of  breaking.  Supposing  it  was 
so  in  the  10-inch  Woolwich  gun,  Mark 
II.,  and  that  the  interior  pressure  was 
equal  at  each  round  to  the  strength  of 
the  gun,  viz.,  19  tons,  too  great  a  shrink- 
age meant  that  there  was  more  tension 
on  the  outer  lings  than  was  wranted; 
consequently  the  rings  would  be  strained 
beyond  their  elastic  limit ;  they  would  be 
stretched  permanently  at  each  round,  and 
the  shrinkage  would  decrease  accordingly 
till  the  gun  was  theoretically  perfect. 
And  if  from  that  moment  the  pressure 
was  kept  under  19  tons,  the  gun  would 
stand  for  ever,  as  far  as  the  tangential 
strength  was  concerned ;  but  if  the  inte- 
rior pressure  was  above  19  tons,  the  in- 


jury would  go  on  with  the  firing,  till  the 
tube,  not  receiving  a  proper  amount  of 
support  from  the  external  coils,  failed  by 
cracking.  A  gun  of  any  construction 
subjected  to  an  interior  pressure  greater 
than  its  strength,  as  explained,  must  ul- 
timately fail.  This  was  so  well  under- 
stood by  the  French,  that  it  was  a  rule 
with  them  to  test  to  destruction  a  gun 
of  every  caliber  or  system  of  construction 
that  had  been  approved  of  for  the  ser- 
vice. They  found  experimentally  the 
number  of  rounds  that  it  would  stand  in 
actual  practice,  and  therefore,  when  a  gun 
issued  for  service  had  fired  the  number 
of  rounds  considered  consistent  with 
safety,  it  was  withdrawn  and  condemned. 
If  it  was  necessary  to  have  guns  of 
greater  power  of  internal  resistance  than 
those  shown  in  Table  II.,  an  increased 
thickness  of  metal  must  be  added  to  the 
walls  of  the  gun,  or  a  stronger  metal 
must  be  used,  or  a  different  system  of 
construction — such,  for  instance,  as  that 
proposed  by  the  Author — must  be  adopt- 
ed. As  to  the  question  of  heat,  it  did 
not  at  all  affect  the  principles  of  building 
up  ;  but  simply  increased  the  tension  of 
the  outer  rings.  Table  II.  showed  the 
great  difference  in  the  strength  of  guns 
made  of  iron  and  steel,  or  entirely  of 
steel.  It  was  a  curious  fact  that  steel  as 
a  material  for  guns  had  been  adopted  in 
nearly  every  European  country  except 
England,  where  the  manufacture  of  that 
metal  was  the  best.  Steel  guns  were 
now  used  by  France,  Germany  and  Rus- 
sia, also  by  Italy  for  field  guns.  The 
guns  of  the  French  navy  had  long  been 
made  of  cast  iron  and  steel.  The  theory 
proved  what  was  already  known  by  prac- 
tice, that  these  guns  were  inefficient  to 
resist  high  internal  pressure,  and,  not- 
withstanding their  great  cheapness,  and 
the  alleged  variable  quality  of  steel  made 
by  French  manufacturers — probably  due 
to  their  want  of  experience  in  the  manu- 
facture of  the  large  masses  required  for 
this  purpose — guns  built  up  entirely  of 
the  metal  had  been  adopted  for  some 
time. 

It  might,  perhaps,  be  interesting  to 
mention,  that  wire  guns  had  been  experi- 
mented upon  by  the  French  Govern- 
ment. The  system  tried  was  that  pro- 
posed by  Captain  Schultz,  of  the  French 
Artillery.  Four  guns  were  made — two 
field  guns  of  3.15  inches  bore,  and  two 
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7J~inch  guns,  one  lined  with  steel  and 
the  other  with  cast-iron.  One  of  the 
field  guns  had  fired,  up  to  the  time  of  the 
information  he  had  received,  433  rounds, 
with  projectiles  weighing  from  17.6  lbs. 
to  30.8  lbs.,  the  initial  velocity  ranging 
from  1510  feet  for  the  heaviest  projectile, 
to  1887  feet  for  the  lightest.  The  74- 
inch  gun  lined  with  cast  iron  fired  nearly 
300  rounds.  After  the  experiments  no 
enlargement  could  be  detected  in  the 
powder  chamber.  In  Captain  Schultz's 
design  for  a  24  centimeters  (9 J  inches) 
gun,  there  were  over  the  chamber  34 
rows  of  .0945-inch  steel  wire,  and  17 
rows  only  in  front  of  the  trunnions.  The 
breech  mechanism,  which  was  on  the 
French  system,  was  put  into  a  separate 
breech-block  connected  with  the  trunnion 


hoop  by  twelve  4.4-inch  steel  bolts.  The 
general  dimensions  of  the  gun  were  given 
in  the  drawing  he  exhibited.  It  would, 
he  thought,  be  conceded  by  all,  that  guns 
must  be  built  up ;  and  if  each  layer  of 
wire  was  considered  as  a  steel  tube 
whose  tension  could  be  regulated  and 
varied  at  will,  the  system  of  construction 
to  which  the  Author  had  invited  atten- 
tion seemed  to  provide  tubes  far  stronger 
than  any  that  had  yet  been  made;  and 
so  far  as  practice  had  gone  it  showed 
that  those  guns  were  as  strong  as  theory 
said  they  must  be.  When  it  was  consid- 
ered that  steel  wire  was  equal  to  an  elas- 
tic stress  of  80  tons,  and  a  breaking 
strain  of  120  tons  per  square  inch,  guns 
of  this  construction  must  have  a  great 
future  before  them. 
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I. 


In  certain  problems  in  the  theory  of 
fluid  motion  the  integration  of  the  differ- 
ential equations  which  present  them- 
selves is  rendered  less  difficult  by  the 
introduction  of  curvilinear  co-ordinates. 
We  shall  now  turn  our  attention  to  the 
transformation  of  the  differential  equa- 
tions of  fluid  motion  by  the  aid  of  such 
systems  of  co-ordinates. 

Let  these  be  three  surfaces  repre- 
sented by  the  equations 

u—ffa,  y,  z) 

v=A(x>  y,  z) 

w=f9(x>  2/>  *)• 

Here  x,  y,  z  are  variable  co-ordinates  and 
u,  v,  w  are  parameters  which  are  constant 
for  any  surface;  by  varying  any  one 
parameter  we  obtain  a  family  of  corre- 
sponding surfaces.  To  given  values  of 
a?,  y,  z  will  correspond  definite  values  of 
u,  v,  w  /  and  conversely,  if  u,  v,  w,  are 
given  the  values  of  x,  y,  z  may  theoreti- 
cally be  found.  Suppose  that  u,  v,  w 
satisfy  the  following  equations : 


dx  dx 
du  dv 

tt/Jb    iXJU 

dv  dw 

(Jv  tJU    (a/vO 

dw  du 


dydy 
du  dv 
dy  dy 
dv  dw 


dz  dz 
du  dv  ~ 
dz  dz 
dv  dw 


dy  dy       dz  dz 


dw  du 


dw  du 


o 


y  CttJU  -J  (A/Ju  y  CvJU  y 

dx=  ,-  du+  -=-dv  +  -7-  aw 
au  dv  dio 


dy 

du 


dy 
dv 


dy=^-  du-\-  ~  dv  -f-  -~-  dw 


dy 

dw 

dz 


-        ctz   _         CIZ    - 

dz=  -T-du+  -r=~dv+  -=-  dw 
du  dv  dw 

Suppose  now  that  we  define  three  func- 
tions U,  V,  W  as  follows  : 


U 


T\du)  +\du)  +\du) 

V*~-\dv)  +  \dv)  +\dv) 

1_  _(dx\2     (dy\*     /dy\* 

W~\dw)  +\dw)  +\du>) 

Now  writing  the  above  equations  in  the 
form 
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„dxdu     ,T  il.i'  dv    ___  dx  dw 
TT  du  du     TT  du  dv     TTT  dy  dw 


iht  U 


dv  V 


dw  W 


,f2=u5r(u  +v£v+w35W 

If  then  dx,  dy,  dz  be  taken  as  the  co- 
ordinates of  a  point  infinitely  near  {x,y,z) 
with  reference  to  a  system  of  co-ordin- 
ates whose  origin  is  at  x,  y,  z,  we  see 
that 

dx    dv    dw 

U'  V'  w' 

may  be  taken  as  the  co-ordinates  of  the 
same  point  with  reference  to  a  system  of 
rectangular  co-ordinates  whose  origin  is 
the  same,  but  whose  axes  make  with  the 
axes  of  x,  y,  z  angles  whose  cosines  are 
the  coefficients  of  these  quantities  in  our 
equations.  We  have  further,  as  is  obvi- 
ous 

and  again  for  element  of  volume  dr,  sup- 
posing, as  we  do  dit,  dv,  dw,  U,  V,  W,  all 
positive, 

,  _du  dv  dw 

V'  T  W 

Solution  of  the  above  equations  gives  us 


du 


du 


du 


du       dx  7       dy  ,       dz  , 
—  =  jjdx+  ^dy  +  ydz 


dv 


dv 


dv 

dz 


dv      dx  ,    ,   dy  , 


dw 


dw 


dw 


dw     dx  dy  7        dz  7 

w=w*!+w'fy+w<fe 

We  see  that  the  coefficients  of  dx,  dy,  dz 
are  the  same  as  before,  and  consequently 
we  have  that 


diCv 
dz) 


-=(D'+©'*d)' 

TTT2      /dwV     IdwV     IdioV 

and  the  equations  of  condition  between 
u,  v,  w,  x,  y,  z  become 


du  dv  du  dv  du  dv 

dx  dx  dy  dy  dz  dz 

dv  dw  dv  dw  dv  du 

dx  dx  dy  dy  dz  dz  " 

dw  du  dw  du  dw  du 

dx  dx  dy  dy  dz  dz 

which  evidently  express  the  orthogonal- 
ity of  the  surfaces  defined  by  the  equa- 
tions 

w= const.  v= const.  w= const. 

Suppose  we  have  a  function  cp  of  x,  y,  z, 
then 

dcp 

dx' 


dcp  du     dcp  dv     dcp  dw 
du  dx     dv  dx     dw  dx 


dcp    dcp  du  dcp  dv  dcp  dw 

dy  ~  du  dy  dv  dy  dw  dy 

dcp __dcp  du  dcp  dv  dcp  dw 

dz  ~  du  dz  dv  dz  dw  dz 

from  which  by  aid  of  the  previous  equa- 
tions 

/dpy 

\dx) 


+ 


(*2\' 

\dw) 

If  we  have  two  sets  of  rectangular  axes 
having  the  same  origin,  the  direction 
cosines  of  the  one  set  being  with  refer- 
ence to  the  other 

a    ft     y 

we  know  that  we  have 

«=Ars-Ar1 

•    P=Yxa*-Y%ax 

r=«,A-«2A 

Now  the  quantities  ■=■  -=-  .  .  .  are  such 
^  TJ  dx 

direction  cosines  so  we  have  by  making 
V       ,     W 


=  <z>      —  =z<P 

vw      x,wu     ■'  u  v 


=  #. 


dv  dw\ 


du  _  /dv  dw  dv 

dx"  Adz  dy  dy  dz/ 

du  /dv  dw  dv  dw\ 

dy"  Adx  dz  dz  dx) 

du  /dv  dw  dv  dw\ 

dz"  \dv  dx  dx  dy) 


dy> 
dv 


with  similar  expressions  for  j   -  •  •  "3" 


dw 
dz' 
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Differentiating  these  expressions  for  x,y,z 
respectively,  and  adding  the  results  we 
obtain 

d2u    d*u    d2u 


_d$/dv  dw    dv 
~~dx  \dz  dv     dv 


4- 


dv  dw\ 
dy  dz) 


d&/dv  dw  dv  dw\ 
dy  \dx  dz  dz  dx  I 
d<PJdv  dw 
dz  \ 


Kdy  dx 
But  we  have  also 

d$x     d$x  du    d$.  dv 


dv  dw\ 
dx  dy/ 


dx 
d$\ 
dy 

dz 


du 
d$. 


du   dy 
d<&.  du 


dx     dv 
du    d<P 

37.+ 


—  + 

dx 


d$1  dw 
dw  dx 
d$,  dw 


.  dv 

—  + 
dv   dy     dw  dy 


d$x  dv     d$x  dw 
du  dz      dv   dz     dw  dz 


consequently  the  above  equations  become 
d?u  d?u  d?u  d<f>x  j  du  (dv  dw  dv  dw\ 
dx*     dy*     dz*  ~  du  \  dx  \dz  dy  ~  dy  dz) 

du  /dv  dw  dv  dw\ 
dy\dx  dz  dz  dy) 
du/dvdw 

+  3-1-7- 


or 


duidv  dw     dv  dw\  ) 
dz  \dy  dx    dxdy)  \ 


dx2 
Similarly 


(if     dz  du 


d2v     d'v 
dx*     dy* 


d2v 


dz2' 

d'2w 


d$ 

dv 


d?w    d2w 
dx~2+d/  +  dz"' 


=uvw 


dw 


Differentiate  the  expression 


dcp_d(p  du     dcp  dv     dcp  dw 
d% 


du  dB,     dv  dB,     dw  d% 


for  £  and  then  replace  %  by  x,  y,  z  suc- 
cessively and  add  the  results.  The  sum 
after  easy  reductions  becomes 

d2(p_ 

dz 


cPq?     d2cp 


dx2       dy* 


=UVW 


(du    xdu     dv       *dv     dio     3dw  ) 


Our  equation  A2  cp=o  has  thus  become 
d_(  U   dcp\      d  /  V    d<p\      d 
dvl \VW  ~du)  +  duluW  dv)+dw 


/  W   dcp\_ 
VUV  dw)-0' 
It  is  obvious  that  this  equation  will  not 


be  altered  by  supposing  one  of  the 
quantities  U,  V,  W,  to  change  its  sign, 
hence  the  hypothesis  that  all  these 
should  be  positive  was  in  this  case 
unnecessary. 

It  is  not  difficult  to  see  that  we  have 
the  following  values   for   the  products 

UVW,  andT^UT:  viz. 


UVW 


UVW: 


and 


du  du  du 
dx'  dy>  dz 
dv  dv  dv 
dx*  dy'  dz 
dw  dw  dw 
dx*  dy'    dz 


dx 
du 

dy 
du 

dz 
du 

dx 

dy 

dz 

dv 

dv 

dv 

dx 

dy 

dz 

dw 

dw 

dw 

UVW 


Two  other  methods  of  transforming  the 
equations  42<p=o  are  given  in  Todhunt- 
er's  treatise  on  Laplace's  Functions,  &c. 
One  of  the  processes  is  due  to  Jacobi, 
the  transformation  being  effected  by  the 
aid  of  the  calculus  of  variations.  The 
other  method  is  due  to  Dirichlet,  and  is 
deduced  from  considerations  of  a  special 
case  of  Greene's  theorum  already  referred 
to  in  this  article. 

We  will  now  take  up  the  case  when 
our  curvilinear  co-ordinates  are  the  so 
called  elliptic  co-ordinates.  The  reader 
is  supposed  to  be  acquainted  with  the 
properties  of  confocal  surfaces,  so  we 
will  spend  no  time  in  denning  them.  Let 
the  equations  of  the  confocal  system  be 


x' 


y 


a  +u 

„2 


X' 


b2  +  u 


+ 


+ 


z 


=1 


c  +u 


~2 


a2  +  v       b2  +  v 
x2  y2 


=1 


ml 


a  +w 

When  a2  4-  u,  b2  +  u,  c2  4-  u  are  the  squares 
on  the  semi-axes  of  the  confocal  ellip- 
soid passing  through  the  point  x,  y,  z. 

a2  4-  v,  b2  4-  v,  c2  4-  v  are  the  squares  on  the 
semi-axis  of  the  confocal  hyperboloid  of 
one  nappe. 
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- 10,  b*  +  w,  c'1  +  w  the  squares  on  the 
semi-axes  of  the  coufocal  hyperboloid  of 
two  nappes. 

If  a:  be  the  greatest,  and  c2  the  least, 
of  the  quantities  a2,  b\  ca,  we  will  have 

+  oo  >*<>  — ea 
-<?  >v>-b2 
-b'1   >w>-a2 

Suppose  now  that  we  have  the  functions 
a,/tf,  y,  of  x,  y,  z,  satisfying  the  equations 

A2a=o  A2(3=o  A2y=o 

and  that  the  surfaces  represented  by  the 

equations 

a = con  si,  fi— const.,  y=  const., 

are  orthogonal,  and  in  consequence  satis- 
fying the  equations 

d/3  dy       d/3  dy       d/3  dy 


dfidy 
dy  dy 
dy  da 


dx  dx        dy  dy        dz  dz' 
dy  da 
dx  dx 
da  d/3 


dy  dy 

da  d/3 


dy  da 

dz  dz  ~~ 


dx  dx       dy  dy 
now  we  have 


da  d/3 
dz  dz 


d<p     dcp  da     dcp  d/3     dcp  dy 
dx~~ dx  dx     d/3  dx     dy  dx 
and  then 

cVcp      cVcpiday     d1cp(dcpy     d2cp/dcpy 

dx'  =   da*\dx)  +dpi\dp)  +  ay2\cty) 

cVcp  d/3  dy        d2cp  dy  da 

d(3dy  dx  dx       dyda  dx  dx 

d?cp   da  d/3     dcp  d'a     dcp  d2/3 

dad  ft  dxdx      da  dx2     d/3  dx2 

dcp  a*y 

dy  dx2 

.       .       ,,  .        ,      d*q>  d2cp 

on  forming  the  expressions  for     -^  -j^ 

and  adding  the  results  we  will  have  by 
virtue  of  the  above  equations, 

^9\(da\     (da\*     (day) 
dtf  jW   +\dyj  +\di)   j 

now  let 

da_^ 1 

du 


d/3_ 1 

dv~ V(a2  +  v)(b2  +  v)(c2  +  v) 

d_y 1 

dw  ~~  V(«a  +  w){b2  +  w){c2  +  w) 
The  corresponding  integrals  are  clearly 

du 


-=/ 


"^{a2  +  u)(b2  +  u)(c2  +  ii) 
dv 


V(a2  +  v)(b2  +  v)(c2  +  v) 
dio 


now 


w    V(a*  +  w)(b2  +  w)(c2  +  w) 

UlaV      (daV      (da\2_  1 

\dx)  +\dy)  +  UJ~~7a 


dy]    '  \dzf      (a2+u)(b2+u)(c2+u) 

i  /duy   (duy    /duy  i 

I  W  +  \dy)  +  \<te)  \ 


since 


da da  du 

dx     du  dx' 
Further,  since 


x' 


+ 


tr 


a2  +  u  '  b2  +  u^c2  +  u 


=  1 


we  have 


x' 


;»  + 


tt 


+ 


i-     2x 
)~a2+u 


du  ( 

dx\(a3  +  w)'  "*"  (b2  +  uj2  ^  (c2  +  u) 

with   similar   expressions   for  —  ,    — . 

dy     dz 
Hence,   squaring,   adding   and   dividing 


and  we  have 

2 


V(a2  +  u)(b7  +  u)(c2  +  u) 


ar 


v 


f 


\(a3+uy  r(b2+uy^(c*+uy 

i/duy     (duV     (dux*) 

But  from  the  equations  of  the  system  of 
confocal  surfaces  we  can  deduce 


-u 


d' 


x' 
2  +  w^~  b2  +  w^~  c2  +  w 

_(gj—u)(gj—v)(gj—w) 


\ 


(Gj  +  a2){Gj  +  b2)(cv  +  c2) 

when  go  is  any  quantity  whatever.  For 
this  expression  is  of  the  zero  dimensions 
in  oj,  u,  v,  w,  it  vanishes  when  iD=u,  v,  or 
w,  and  for  these  values  of  go  only  it 
becomes  infinite  for  g?=—  a2,  —  b2,  or— ca, 
and  for  these  values  of  go  only,  and  it  is 
=  1  for  go=  oo.     From  this,  multiplying 
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successively  by  a?  +  Go,b2  +  go,  c2  +  go,  and 
then  putting  go  =  —  a9, — 62, — c2, 

(a2  +  u)  (a2  -f-  v)  (a?  +  w) 


05" 


(a2-62)(aa-c2) 
(b*  +  u)(b*  +  v)(b*  +  w) 

(b*-c2)(b2-a2) 
(c2  +  ^)(c2  +  a)(c2  +  w) 

(c2-<)(c2-&2) 

again,  differentiating  with  respect  to  <a? 
and  then  putting  go=u, 


y*= 


z'  = 


XA 


+ 


2  J2 

y      ,     z 


(a'  +  MrP'+t/)1  '  (c2  +  w)2 

(w— ^(w— to) 


also 


V  +  w)(62  +  w)(c2  +  w) 


a;' 


y4 


{a2  +  v)'- 


x' 


{V  +  vf^  {tf  +  vf 

(v—w)(v—u) 


V 


+ 


(a2  +  v)(b2  +  v){c*+v) 

z 


(tf+wf^tV  +  wy  '  (ca  +  w)3 

(to— w)(to— 1>) 


(a2  +  to)(62  +  to)(c2+to) 


/<?w\a     (duV     AM 
KdxJ  +  W  +\dz) 


(q'  +  M)(y  +  ti)(c»  +  M) 
(u—v)(u—w) 


^(q* +  «)(&'  +  !>)(<;'  +  «) 
(w— to)(y— w) 


dfoA2     /$io\"     /c?«o\2 
Si/  +  Uy/  +\dz) 


=4- 


(to— w)(to— v) 
These  three  quantities  are  the  functions 
denned  by  the  U3,  V2,  W3,  of  the  preced- 
ing part  of  the  chapter.     By  virtue  of 
these  we  have 

(daV      (day      (daY_  4 

\dx)      \dy)      \dzl  '       (u—v)(u—w) 

Vfo/      \dy)      \dz!  '       (v—w)(v—u) 

(dy\\(dy\\idyV=  4 

\dx)      \dy  J      \dz)  (tv—u)(w—v) 

The  negative  sign  in  the  second  being 

due  to  the  fact  that  /3  is  imaginary.    We 

have  thus 


™      (v— w)(w— w)(u— v) 

( ,         J?<p     .         .d*(p  ,  ,         N^V! 

and  consequently  4*cp=o  becomes 

or 

(«-»)  |  [(«■  +  «)  (62 +«)(C' +^|m  [^ 

+  («— w) 
We  have  also 

(*s\ + ^ + /  ^  -     4     (*?V 

Wa;  /     V  <%  /      \  dz  I     (u-v)  (u-w)  \da  I 
_        4         /cUp\ 2  4  /<?gA3 

(v-w)  (v-w)  \c?y#  /     (to  -u)  (w-v)  \dy) ' 

We  saw  that  the  parameters  u,  v,  w  were 
confined  between  the  following  limits : 

u  between— c3  and -I-  oo 


v 
w 


-b 
—a 


3         ii 


2        it 


-V 


so  that  by  introducing  the  three  angles 
6,  <P,  ip,  we  may  express  these  quantities 
by  means  of  the  following  equations: 

a2cos20— c3 


sin2# 


7t 

u=—ci  for  6=  -5 


u=     oo    "  6=o 
y=—  53cos2#— c2sina$v=—  c2  for  &=o 

v  =  -b*  "    Q-JL 
w=—bisin^<p—aicos'itpw=—ai  "    ^j=o 

from  these  we  have 

c?w=2(c2-aa)cot  0  cos2 Odd 
dv=2(c?—b*)sm  <P  cos$d& 
dw=:2(di— 5a)sin  ^  cos  ip  d  tp 

These  substituted  in  the  expressions  for 
a,  fi,  y,  give  for  these  quantities 

e 

2         S*       dO 


<\Za?—c 


P dt 


2sina0 
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Va'-c 


P(*,  0) 


0 


6  = 


i2 


d$ 


Vl-&'acosa<£ 
2t 


A/V-, 


[F(*')-F(*,'#)] 


r= 


2       /!__# 


'sill^: 


=-75=i  F(*.  W 

Vcr—c 

when  F(&')  denotes  the  complete  elliptic 

integral  of  the  first  kind  with  modulus  k', 

cr  —  b* 
and  k2  =  -j 2"-    From  the  equations  of 

oiu'  confocal  surfaces  we  have  the  follow- 
ing particular  cases : 

for  n—oo  the  surface  represents  an 
infinitely  great  sphere  whose  radius  =  \/n. 
If  u  differ  from  — ca  by  an  indefinitely 
small  positive  quantity  we  have  for  the 
surface 


x— 0, 

or  the  surface  is  in  this  case  the  whole 
plane  of  yz. 

We  see  now  that  for  n=v=—  ca  that 
we  have  the  focal  ellipse 


z=o, 


2  2 

x%  _         y% 


=  1 


and  for  w=v=—b*  the  focal  hyperbola 


y=o, 


x 


V 


=1 


The  same  results  can  be  obtained  by  dis- 
cussing the  values  of  a,  /?,  y,  (Max.  Elec. 
&  Mag)  but  the  manner  adopted  is  the 
simpler. 
We  will  resume  now  our  integrals 

2         Q. dd 


a  = 


V 


a 


0 


z=o, 


x' 


yl 


a/ 


b2-c" 


<1 


that  is  the  part  of  the  plane  xy  lying 
within  the  focal  ellipse. 

If  v  differ  from  — ca  by  an  indefinitely 
small  negative  quantity  the  surface  will 
be  given  by 


z=o, 


x- 


+ 


r 


a*-c3      V 


T>1 


the  part  of  the  plane  of  xy  lying  without 
the  focal  ellipse. 

And  similarly  if  v  differs  from— b*  by  a 
positive  infinitesimal  we  have  for  the 
surface 


x 


<i 


a'-b*    V-c 
the  portion  of  the  plane  of  xz  lying  with- 
in the  focal  hyperbola. 

If  w  differ  from  —  b2  by  an  indefinitely 
small  negative  quantity  we  get 


Wa3-c*J  a/1-&'2cos2<2> 
o 

=   2    i—jtL=. 

^/a2—c2  J  a/1— tfcos'ip 
o 
and  examine  them  in  the  cases  when  our 
surfaces  are  of  revolution.     Suppose  first 

a2— b2 
a=b,  then  since  k=— j,we  have  k=o 


and  k'=l,  giving 


a  —  c 

26 
<\/a9—i 


fi  = 


y- 


2  log  tan 

i^cf—c2 
2<p 


(p 


Va2-c2 

From  these  equations  we  have  the  follow- 
ing:   

=  _R;Wa2-c2_ 


sin  6  =  —  sin 


y=<\ 


X 


>1 


a*-b%     b2-c- 
the  portion  of  the  plane  xz  lying  without 
the  focal  hyperbola. 

Finally  if  w  differs  from  —  a2  by  an 
indefinitely  small  positive  quantity  we 
have  simply 


cos  6=     cos 


V 


or 


from  these  we  have  for  u 
a2  cos2  6  — c 


a  COS    - — ^ a—C£ 


u  =. 


sina6» 


A  .  I 


= aacota  Aa — cacosec  a Aa 
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Va 


designating  by  A  the  quantity 
y=— a2cos2$— c2sin2$ 

r     \a/3-a/3 

j  a'  (  £  —  s 

-"-]     j  a/?   -apr 


+  4c2 


io-= — a 


We  will  here  use  for  brevity  a  nomen- 
clature used  by  Maxwell  in  the  same  con- 
nection.     If    we   call    the    exponential 

quantity  Ju  lj_  1  )  the  hyperbolic  cos- 
ine of  i A/?— or  cos  h  a/3  and  also  call 

*(f^_  7a^) the  hyp°sine  of  iXfi  or 

sin  A  a/3.  We  will  now  have  for  our 
surfaces 

x*  +  y*  z2 


COtaAa 


cosec2Aa 
cosech2^A/?    coth2A/? 


2  2 


■  u'  —  c4 


05' 


y4 


=  0 


cos2Aj/     sin2A;/ 

Now  suppose  that  we  have  b=c,  then 
k=l  and  /c'=0,  giving  us 

8 


1-fdd  1, 


tan 


?r-2<9 


/*= 


iA 


1    /•  dtp       1  7t—2ip 

—  t  /  —i = rl°& tan  — a — 


^      AV   cos^     A' 
Thus  we  have  the  ellipsoids 


or 


+ 


y  +z* 


tanh2iAa     sech2^Aa 
the  meridional  planes 


=a2-c2 


X' 


>=o 


cos2  A/?     sin2  A/5 
and  the  hyperboloids  of  two  nappes 

y 


X' 


•2+z2 


=  a2-c2 


coth2A^     cosech2A^ 

In  closing  this  chapter  we  will  just 
observe  the  forms  of  the  potential  of  the 
ellipsoid  and  of  the  indefinitely  long  cir- 
cular cylinder.  We  will  designate  the 
potential  of  the  ellipsoid  by  cp  at  any 
point  x,  y,  z,  remembering  that  cp  and  its 


derivatives  with  respect  to  oj,  y  and  z,  are 
continuous  single  valued  functions,  and 
that  they  all  vanish  at  infinity.  The 
ellipsoid  is  given  by  the  equation 

o;2     y2     z2 
a2+br  +  c?:=1 

assuming  as  usual  the  density  to  be  equal 
to  unity.  We  know  that  if  the  point  x,y,z 
lies  without  the  ellipsoid,  that  we  have 

A2cp=o 

and  if  it  lies  within 

42Cp=  —  4:7T. 

Denote  by  q  the  greatest  root  of  the 
equation 


x' 


a2+q 


r 


+ 


=i 


b2  +q  '  gc  +  q 

at  the  surface  of  the  ellipsoid  q=o. 
have  now  for  exterior  points 

<p=7tadc 


We 


be  /*°° 


05' 


y 


a' 


+  X     b2+x     c2+x 


9.  ^/{~a2+xW+x)(cz+X) 
and  for  interior  points 


$X 


cp: 


nabc  /»» 


05 

a2+x 


y 


b2+x     c2+x 


0  V(a2+x)i?>2+X)(c2+X)dX 
The  similarity  will  be  noted  between 
these  expressions  and  those  for  the 
fractions  a,  /3  and  y.  By  forming  the 
derivatives  of  cp  with  respect  to  x,  y  and 
z,  it  will  be  seen  that  there  is  no  discon- 
tinuity at  the  surface  of  the  ellipsoid  or 
for  q=o.  We  will  also  find  for  exterior 
points 

05      dq 


d"cp 


-=3  =1nabc  \ 


dx 


a1 


+  q  dx 


oo 


I  V(a2+q)(b2+q)(c2+q) 
<%X 


(«a  +x)V<**  +xW  +X)(c2  +x 

and  for  interior  points 
d2cp 
dx2 


=  -27rabc 


00 


dX 


oJ  (a2  +xW{a2  +xW  +XW  +X) 

By  simply  advancing  the  letters  we  get 
the  corresponding  second  derivatives  for 
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y  and  z.     We  know  from  a  former  equa- 
tion that 


dx 


X4 


"2  + 


V 


~2 


+ 


dq]    (a2+q)2^  (b2+q)2  "(c2+?) 


2x 


a2+q 

writing    the    corresponding   expressions 
for  yard  z,  multiplying  respectively  by 

—  ,  -r  5  -f  and  adding,  and  we  obtain 
dx  dy   dz 


x 


dq         y      dq 


+ 


dq 


a2  +q  dx     b2  +q  dy     c2  +q  dz 
We  have  also 

1 


=2 


/w 


+ 


+  x     b2  +x     c2  + 


;2  +xl 


dx 


V(a2+X)(b2+x){c2+x) 


V(a2+X)(b2+x)(c2+X) 

So  forming  the  expression  for  A2 cp  we 
find  that  for  internal  points  we  have 

J2<Z>=  —  4:7T 

and  for  external  points 

A2cp=o 

so  that  these  forms  of  cp  satisfy  all  the 
necessary  conditions. 

Now  if  c=oo  we  will  obviously  have  a 
cylinder  whose  axis  is  the  axis  of  z,  and 
whose  intersection  with  the  plane  xy  is 


representing  it  by  XJ  that  for  a  point 
within  the  surface  of  the  cylinder  that 
we  have 

riMJ    d^V_ 

dx2+dy2~ 
and  for  an  external  point 

d*V    d2V_ 
dx'  +  dy2~° 

We  may  write  our  equation  for  cp  after 
the  next  integration 

Our  equations  for  U  are  satisfied  by 
J]=7rab 


(/ 


1- 


;>•' 


V 


a*+X     P+X 


V(a*+X)(b*+x)dx  +  1-l0S*' 


) 


for  an  internal  point 
V=7tab 

o1  X2  V2 

(/ x;  °*+x~  t^xdx+i-iogA 

\       ^(flt+xW+x)  ' 

when  q'  is  an  indefinitely  great  constant 
and  as  before  q  is  the  positive  root  of  the 
equation 


x' 


y 


a2+q  T  b2+q 


=1 


y 


2+b2 


=i 


let  the  bases  of  this  cylinder  bez=+l 
when  /  is  infinitely  greater  than  any 
values  that  may  be  assigned  to  a  and  b. 
Denote  an  element  of  the  ellipse  by 
ds,  the  z  ordinate  of  any  point  by  A  then 
we  have  for  cp 

I 
r  r        dsdX_ 

J  *    Vp2  +  {X-z)2 

when  p2=the  distance  from  the  element 
dsdX  to  the  point  (x,  y,  z).  This  integral 
is  readily  found  to  be 

cp=  -  2  /  ds(\ogp  -  log  zl) 

With  reference  to  the  first  part  of  this 
integral,  viz.   -  2fds  log  p  we  may  see 
Vol.  XXI.— No.  2—11 


By    integration  we  have    for    internal 

points 

r/m         2        i  \    n    bx2+ay2 

U=7ra&(21og — -  +1    -2tt -/— 

\      °  a  +  b         I  a+b 

for  a=b  the  ellipse  becomes  a  circle  and 
we  have 

U= 7ta2  (1-2  loga)-7rp2,  when  pa=xa  +  y2 

and  for  an  external  point  in  this  case 

U=  -2na2  log  p. 


The  Shannon  is  in  difficulties  again. 
Her  boilers  are  rapidly  decaying,  and  it 
is  expected  will  have  to  be  replaced  by 
j  new  ones,  although  she  has  been  but 
little  over  twelve  months  in  commission. 
Milk  of  lime  has  been  used,  and  to  neut- 
ralize the  galvanic  action  ingots  of  zinc 
have  been  suspended  in  various  parts  of 
them,  but  with  little  effect.  Her  en- 
gines are  also  said  to  be  working  very 
unsatisfactorily. 
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HYDROLOGY  OF  THE  MISSISSIPPI. 

A  REPLY  TO   GEN.    ABBOT. 

By  JAMES  B.  EADS,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


My  attention  has  recently  been  called 
to  an  article  by  Gen.  Henry  L.  Abbot, 
U.  S.  Engineer,  in  the  January  number 
of  your  Magazine,  reviewing  my  review 
of  Humphrey  and  Abbot's  report  on  the 
Physics  and  Hydraulics  of  the  Missis- 
sippi River,  published  in  your  Magazine 
last  September.  As  I  am  charged  by 
Gen.  Abbot  with  making  reckless  mis- 
statements in  my  review,  I  beg  space  in 
your  columns  to  reply  to  this  grave  ac- 
cusation. 

Gen.  Abbot  says :  "  As  an  example  of 
the  reckless  misstatements  of  facts  which 
characterize  the  whole  review,  I  quote 
the  following  paragraph : 

"  '  By  reference  to  pages  135  and  137 
[Mississippi  Report]  it  will  be  seen  that 
this  extract  contains  an  astonishing  exag- 
geration. Instead  of  three  years,  the 
current  and  sediment  observations  only 
occupied  eight  months  at  Columbus  and 
one  year  at  Carrollton. 

"  '  When  we  remember  that  the  junior 
author  of  the  report  on  the  Mississippi 
River  was  a  prominent  member  of  the 
Levee  Commission,  and  that  the  senior 
author,  as  Chief  of  Engineers,  warmly 
endorsed  its  report,  it  is  difficult  to  rec- 
oncile this  careless  statement  with  the 
unusual  scientific  exactness  which  re- 
quired four  decimals  to  record  their  mea- 
surements of  the  current.' 

"  Turning  to  the  page  next  preceding 
the  one  mentioned,  we  find  a  table  giv- 
ing in  detail  the  results  of  the  two  years 
of  sediment  observations  made  by  a  party 
of  the  survey  of  Carrollton  ;  and  on  page 
142  another  giving  the  details  of  a  con- 
tinuous series  of  nearly  three  months' 
observations,  made  by  Prof.  Riddell. 
These,  with  the  eight  months'  record  at 
Columbus,  sufficiently  sustain  the  accu- 
racy of  our  language. 

"  After  such  an  exposure  it  is  sufficient, 
without  devoting  space  to  other  instances 
of  similar  inaccuracy  in  this  review,  to 
ask  the  reader  to  apply  the  old  maxim 
1  ex  uno  disce  omnes]  and  take  the  pre- 
caution to  refer  to  the  report  itself  be- 


fore accepting  as  trustworthy  Capt.  Eads* 
statements  respecting  its  contents." 

Gen.  Abbot  in  all  this  has  misled  his 
readers  in  a  manner  that  is  simply  un- 
pardonable. A  few  words  of  explanation 
will  enable  them  to  appreciate  this  fact. 

The  quotation  containing  the  aston- 
ishing exaggeration,  to  which  I  referred, 
is  not  repeated  by  Gen.  Abbot.  It  is  as 
follows :  *  *  *  "  the  assumption  that  the 
river  water  is  always  charged  with  sedi- 
ment to  its  maximum  supporting  capa- 
city, *  *  *  has  been  shown  by  three  years 
of  accurate  daily  observations  at  Car- 
rollton and  Columbus,  to  be  utterly  un- 
founded. Indeed,  it  often  happened  that 
the  amount  of  sedimentary  matter  per 
cubic  foot  of  water  was  greater  in  low  than 
in  high  stages  of  the  river,  and  never 
was  there  any  fixed  relation  between 
these  quantities.  In  other  words,  Mis- 
sissippi river  water  is  undercharged  with 
earthy  matter,  and  therefore  no  reason- 
able reduction  of  its  flood  velocity  by  an 
outlet  will  produce  a  deposit  in  the  bed 
below." 

This  extract  is  taken  from  the  report 
of  the  United  States  Levee  Commission 
of  1874-5  (see  Executive  Document,  127 
H  R.,  43d  Congress,  2d  session,  page  8). 
Gen.  Abbot  was  a  prominent  member  of 
the  Commission,  and  its  report  was 
warmly  endorsed  by  Gen.  Humphreys. 
It  was  to  their  observations  at  Columbus 
and  Carrollton  that  the  commission  re- 
fers in  the  extract,  as  establishing  the 
theory  advanced  by  them  in  their  report 
in  1861,  namely,  that  no  relation  what- 
ever exists  between  the  velocity  of  cur- 
rent and  the  quantity  of  earthy  matter 
carried  in  suspension  by  the  river  water. 
The  important  bearing  which  the  truth 
or  falsity  of  this  theory  has  upon  the 
question  of  river  improvement  can  scarce- 
ly be  over-estimated.  But  as  this  is 
fully  shown  in  my  review  it  is  not  ne- 
cessary to  discuss  it  here.  It  is  sufficient 
to  say  that  I  had  only  a  short  time  be- 
fore the  publication  of  the  Commission- 
er's report,  declared  the  very  converse 


HYDROLOGY    OF  THE   MISSISSIPPI. 


155 


of  this  theory  to  be  true,  namely,  that  an 
intimate  relation  does  exist  between  the 
velocity  of  current  and  the  quantitj'  of 
sediment  suspended  in  the  water  of  all 
rivers  flowing  through  alluvial  deposits, 
and  that  if  the  current  be  reduced,  a  por- 
tion of  the  sediment  will  be  deposited  in 
consequence.  Gen.  Abbot  flatly  declares 
that  this  assumption  has  been  shown  to 
be  utterly  misfounded  by  three  years  of 
daily  observations  at  Columbus  and  Car- 
rollton  ;  and  when  I  declared  this  three 
years'  statement  to  be  an  exaggeration, 
instead  of  admitting  his  error  frankly, 
when  pointed  out,  he  strives  to  establish 
its  truth  by  a  deceptive  reference  to  ir- 
relevant observations  made  on  sediment 
alone,  to  determine  another  question  al- 
together, and  which  observations  were 
accompanied  by  no  measurements  of  the 
current  whatever.  If  any  one  feels  suffi- 
cient interest  in  the  issue  of  veracity 
which  General  Abbot  has  raised,  he  has 
only  to  turn  to  the  parts  of  Humphreys' 
and  Abbot's  report  to  wThich  he  refers, 
and  he  will  there  find  that  the  second 
year's  experiments  at  Carrollton  consisted 
in  simply  taking  one  sample  of  water 
from  the  surface  daily,  and  weighing  the 
sediment  contained  in  it,*  and  that  these 
experiments  were  not  accompanied  by 
any  current  observations  whatever,  con- 
sequently they  have  no  bearing  at  all 
upon  the  question  referred  to  by  the 
Levee  Commission.  He  will  see  that  the 
results  of  the  second  year's  experiments 
were  only  used  by  Humphreys  and  Ab- 
bot as  a  means  of  approximately  deter- 
mining the  amount  of  sediment  in  the 
water  of  the  river,  and  of  estimating  the 
quantity  of  alluvion  annually  discharged 
into  the  sea.j 


■  "  These  elaborate  measurements  were  begun  on  Febru- 
ary 17,  1851,  and  continued  fifty-two  weeks.  During  the 
next  year  it  was  not  deemed  necessary  to  make  the  oper- 
ation so  laborious,  since  the  ratio  between  the  sediment 
contained  in  the  water  at  any  one  of  the  positions,  and 
that  contained  in  the  whole  river  might  fairly  be  consid- 
ered to  be  determined  by  the  first  year's  observations. 
For  the  second  year,  therefore,  only  one  sample  daily  was 
obtained.  It  was  taken  from  the  surface  at  the  position 
300  feet  from  the  east  bank.'' 

See  H.  and  A.'s  report,  page  133.  (N.B.— The  numbers 
of  the  pages  in  the  old  edition  are  somewhat  different 
from  the  new  one,  to  which  reference  is  here  made.) 

t "  The  observations  of  the  second  year  show  what  cau- 
tion should  be  observed  in  attempting  to  generalize  upon 
the  proportion  of  sediment  contained  in  the  Mississippi 
water,  even  when  the  observations  extend  over  long 
periods.  If  it  be  allowable  to  assume  the  same  ratio  to 
exist  as  in  1S51-52,  between  the  amount  of  sediment  in 
the  entire  river  and  that  at  the  surface  of  the  first  division, 
we  have  for  the  maximum,  minimum,  and  mean  propor- 
tions of  sediment  of  water  by  weight  during  the  second 

year— the  fractions  -gy^  (fourth  week  of  April)  sztJ 


The  first  year's  observations  are  re- 
ferred to  in  the  text  as  "  elaborate  meas- 
urement" (see  foot  note)  and  were  ac- 
companied by  current  measurements  for 
one  year,  which  are  shown  in  Appendix 
"D."  General  Abbot  says  in  his  reply: 
"  Our  analysis  of  these  observations, 
stated  in  brief,  consisted  in  plotting  two 
curves,  of  which  the  common  abscissas 
were  times  ;  and  the  ordinates,  respect- 
ively the  mean  velocity  of  the  river  in 
feet  per  second,  and  the  corresponding 
number  of  grains  of  earthy  matter  held  in 
suspension  by  one  cubic  foot,  represent- 
ing the  average  for  the  whole  river." 

It  is  an  insult  to  the  intelligence  of  his 
readers  to  tell  them  that  observations 
made  on  sediment  alone,  during  the  sec- 
ond year  at  Carrollton,  could  be  brought 
into  such  an  analysis  as  this. 

If  the  reader  will  follow  General  Ab- 
bot's suggestion  and  take  the  precaution 
to  refer  to  the  report  itself,  he  will  see 
that  Professor  Riddell's  experiments 
were  made  on  sediment  alone  also ;  and 
that  they  could  not  have  been  in  the 
mind  of  General  Abbot,  when  he  made 
his  extravagant  statement  about  the  daily 
labor  of  three  years  at  Columbus  and 
Carrollton,  for  the  reasons:  First,  that 
they  were  not  made  at  either  of  these 
places.  Second,  because  they  were  not 
made  "daily,"  but,  as  Professor  Riddell 
says,  "  at  intervals  of  three  days."  Third, 
because  they  were  made  many  years  be 
fore  those  at  Carrollton  and  Columbus 
were  ever  heard  of;  and  finally,  as  they 
occupied  but  fourteen  days  in  1843  and 
but  thirty-five  days  in  1846,  it  evidently 
required  a  mind  given  to  romancing 
rather  than  to  science,  to  justify  General 
Abbot  in  what  may  be  politely  termed  a 
poetic  license,  when  he  speaks  of  them  as 
"  nearly  three  months  observations  made 
by  Professor  Kiddell."  % 

(third  week  of  November),  and  t~ITW>  which  differ  mate- 
rially from  the  above  values  for  the  previous  year." 
"  Before  drawing  any  general  conclusion  therefore  as  to 
the  amount  of  sedimentary  matter  annually  discharged 
by  the  Mississippi  into  the  Gulf,  it  is  well  to  examine  all 
other  data  upon  the  subject.  The  observations  of  this 
survey  at  Columbus  in  185S  are  the  first  in  order. 

"  These  observations  were  undertaken  voluntarily  by 
Mr.  Fillebrown's  assistant,  Mr.  Webster,  and  continued 
till  he  left  the  party  in  June  ;  from  that  date  they  were 
made  by  Mr.  Fillebrown."  See  H.  and  A.'s  report,  page 
135. 

i"  Professor  Riddell's  first  experiments  upon  the 
amount  of  sediment  contained  in  Mississippi  water  are 
reported  in  the  letter  addressed  to  Sir  Charles  Lyell  on 
March  5,  1846."  ••»;•••• 
»••_•«  Professor  Riddell's  second  experi- 
ments were  made  when  a  member  of  a  committee  ap- 
pointed by  the  Association  of  American  Geologists  and 
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In  view  of  this  record,  does  it  become 
General  Abbot  to  charge  rue,  or  any  one 
else,  with  reckless  misstatements  ? 

I  believe  that  all  true  friends  of  science 
will  agree  that  to  exaggerate  the  proofs 
advanced  in  favor  of  any  particular 
theory,  one  may  be  supporting,  is  wholly 
inexcusable;  as  it  tends  to  embarrass 
scientific  investigation  and  delay  the  de- 
velopment of  truth.  The  careless  way 
in  which  the  assertion  in  question  was 
uttered  is  bad  enough,  for  it  leads  the 
reader  to  infer  that  these  experiments 
occupied  three  years  at  each  place,  in- 
stead of  but  eight  months  at  one,  and 
but  twelve  months  at  the  other.  It  is, 
however,  an  extravagant  statement,  even 
when  construed  in  the  most  liberal  man- 
ner. Still,  the  Levee  Commission  should 
not,  I  think,  be  held  responsible  for  it, 
as  the  undue  dilation  was  evidently  pre- 
pared by  General  Abbot  himself  as  a 
part  of  the  Commission's  report,  and  as 
it  referred  to  his  own  labors  it  would 
have  been  a  discourtesy  in  the  other 
members  to  have  questioned  its  correct- 
ness. At  all  events  his  sole  title  to  the 
distinguished  honor  of  frying  to  sustain 
a  gross  misstatement  of  fact,  after  its  ex- 
travagance was  exposed,  will  not  here- 
after be  questioned  or  coveted  by  others. 
General  Abbot  declares  that  my  criticism 
of  their  views  respecting  the  bed  of  the 
river  is  unfair,  as  it  infers  that  their 
opinions  of  its  character  are  based  solely 
on  their  soundings  in  the  river  itself. 

On  page  16  of  the  Levee  Commission's 
report,  there  occurs  this  plain  and  posi- 
tive statement :  "  Very  numerous  sound- 
ings, with  .leads  adapted  to  bring  up 
samples  of  the  bottom,  were  made  by  the 
Mississippi  Delta  Survey  throughout  the 
whole  region  between  Cairo  and  the 
Gulf.  They  showed  conclusively  that 
the  real  bed,  upon  which  rests  the  shift- 
ing sand  bars  and  mud  banks  made  by 
local  causes,  is  always  found  in  a  stratum 
of  hard  blue  clay,  quite  unlike  the  pres- 
ent deposits  of  the  river." 

I  am  at  a  loss  to  perceive  the  unfair- 
ness of  confining  my  investigation  to  the 
facts  referred  to,  as  conclusively  showing 
the  character  of  the  real  bed  of  the  river. 

The  statement  declares  its  real  charac- 


Naturalists  to  ascertain  the  amount  of  sediment  carried 
into  the  sea  by  the  Mississippi  river.  His  report  was  read 
at  the  meeting  of  this  body  in  1846."  See  page  141,  H. 
and  A.'s  report. 


ter  is  conclusively  proved  by  the  sound- 
ings, and  if  this  be  so,  there  is  no  neces- 
sity of  looking  for  any  other  evidence 
of  the  fact.  Certainly  the  proper  place 
to  look  for  this  was  in  Humphreys'  and 
Abbot's  report.  There,  on  page  90,  the 
reader  is  told  that  the  result  of  these 
soundings  are  exhibited  in  appendix  "C." 
I,  accordingly,  looked  there,  expecting,  of 
course,  to  find  a  record  of  very  numer- 
ous samples  of  this  hard  blue  clay.  My 
surprise  can  be  better  imagined  than  de- 
scribed, when  I  assure  the  reader  that  I 
found  appendix  "  C  "  actually  contains, 
as  the  result  of  the  "very  numerous 
soundings  "  referred  to,  only  thirty-five 
(35)  samples,  in  a  stretch  of  river  six 
hundred  and  fifty  miles  long  between 
Cape  Girardeau,  Mo.,  and  Vicksburg, 
Miss.,  and  of  these  thirty-five,  only  seven 
were  of  clay  alone!  Twenty-five  of  them 
being  of  pure  sand,  had  not  even  a  trace 
in  them  of  the  real  bed — the  ancient  geo- 
logic blue  clay  of  Humphreys'  and  Ab- 
bot's— the  clay  which  they  assure  us  is 
"  quite  unlike  the  present  deposits  of  the 
river." 

As  an  evidence  that  I  am  unjustly 
charged  with  unfairness,  I  can  assure 
the  reader  that  I  did  not  come  to  the 
conclusion  that  this  statement  about 
very  numerous  samples  of  this  hard  blue 
clay  was  slightly  exaggerated,  until  I 
had  searched  through  the  456  quarto 
pages  of  the  report,  and  through  all  of  its 
appendices  from  "  A  "  to  ."  M  "  inclusive, 
to  see  if  the  remainder  of  these  very  num- 
erous sounding  were  not  recorded  some- 
where else  than  in  appendix  "  C."  I  was 
encouraged  in  this  search  by  the  assur- 
ance on  page  90,  that  "A  knowledge  of 
the  character  of  the  bed  of  the  Mississip- 
pi river  is  of  the  highest  practical  im- 
portance, as  will  be  hereafter  seen,  and 
great  efforts  have  been  made  to  acquire 
it,"  and  also  by  the  declaration  on -page 
14,  that  "great  pains  were  accordingly 
taken  to  collect  specimens  of  the  bed 
wherever  soundings  were  made."  Fail- 
ing completely  in  my  search  to  find  other 
evidence  that  very  numerous  soundings 
had  really  been  made  to  ascertain  the 
character  of  the  bed,  I  concluded  that 
their  "  great  pains  "  and  "great  efforts  " 
in  this  direction  had  proved  a  melancholy 
failure.  I  think  I  shall  not  be  alone  in 
the  belief,  when  others  examine  the  re- 
port for  themselves,  that  it  would  have 
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been  an  astonishing  exaggeration  if  Gen- 
eral Abbot  bad  referred  to  these  sound- 
ings as  even  numerous,  without  positively 
declaring  that  this  important  question 
had  been  conclusively  settled  by  very 
numerous  ones  made  by  the  Delta  Sur- 
vey. 

General  Abbot  challenges  my  state- 
ment in  reference  to  General  Humphreys' 
recommendation  to  Congress  that  a  canal 
should  be  cut  around  the  east  end  of  the 
bridge  at  St.  Louis,  with  a  drawbridge 
over  it.  because  the  steamboat  chimneys 
could  not  be  lowered  down  to  allow  them 
to  pass  under  the  arches  of  the  bridge. 
He  says  :  M  From  his  statement  above 
quoted,  it  would  be  inferred  that  engi- 
neer officers  had  never  heard  that  steam- 
boat chimnevs  could  be  lowered,  and  that 
soon  as  the  knowledge  that  such  a  \ 
thing  was  possible  reached  the  ears  of 
Congress,  it  at  once  decided  not  to  in- 
terfere with  the  bridge." 

One  would  think,  to  read  all  he  says 
on  this  subject,  that  the  Bridge  Board 
and  the  chief  of  engineers,  at  that  time, 
thought  it  was  child's  play  to  raise  and  j 
lower  these  chimneys.     This  is  what  the  j 
Board  says  in  its  first  report  on  the  sub-  j 
ject: 

u  Although  it  is  a  comparatively  easy 
task  to  lower  small  chimneys,  dealing 
with  those  of  a  large  size  is  a  very  seri- 
ous matter  indeed.  Their  weight  is  so 
utterly  disproportionate  to  their  strength, 
even  when  new,  that  no  machinery  yet 
devised  will  enable  large  chimneys  to  be 
lowered,  either  wholly  or  in  part,  with- 
out very  great  labor  and  danger."* 

Being  anxious  to  save  the  bridge  from 
mutilation,  I  reviewed  the  report  and 
stated  among  other  things  that  it  was 
entirely  feasible  to  raise  and  lower  the 
largest  chimneys  used  on  the  river,  and 
that  the  cost  of  the  hinges  and  necessary 
appliances  to  enable  the  boat  to  do  this 
would  not  exceed  one  thousand  or  fifteen 
hundred  dollars. 

A  second  report  was  made  after  my 
review  appeared,  and  in  answer  to  my 
assurance  above-stated,  the  Board  made 
the  following  polite  rejoinder : 

M  This  statement  may  or  may  not  be 
correct,  but  there  is  no  proof  of  it  other 
than  the  statement  itself,  and  a  docu- 
ment  signed  by  '  Thirteen  experienced 

*See  report ;   Executive  Doc.  194,  43d   Congress,  1st 
Session,  page  5. 


steamboat  captains.'  As  the  apparatus 
recommended  is  not  stated  to  be  in  use, 
and  presumably  has  been  invented  by 
Mr.  Eads,  or  some  friend  of  his,  it  must 
be  received  writh  the  usual  discount  due 
to  the  statements  of  inventors."*  Com- 
ment on  this  is  unnecessary. 

General  Abbot  says :  "  Finally,  the 
only  individual  connection  of  the  Chief 
of  Engineers  with  these  matters  was  that 
the  reports  of  the  Board  were  submitted 
to  the  Secretary  of  War  through  him,  as 
required  by  the  Army  Regulations,  and 
were  formally  approved  with  the  recom- 
mendation "  that  the  matter  be  sub- 
mitted to  Congress  at  its  next  session 
for  such  action  as  in  their  judgment 
may  seem  to  be  necessary."  These 
italics  are  his. 

In  its  report  the  Board  says :  "  The 
Board  are,  therefore,  unanimously  of  the 
opinion  that  the  bridge,  as  at  present  de- 
signed, will  prove  a  very  serious  obstruc- 
tion to  the  free  navigation  of  the  Mis- 
sissippi River."  Again:  "They  would, 
therefore,  recommend  as  the  most  feasi- 
ble modification,"  etc.,  etc.  "  Let  a 
canal,  or  rather  an  open  cut,  be  formed 
behind  the  east  abutment  of  the  bridge, 
giving  at  the  abutment  a  clear  width  of 
waterway  of  120  feet." 

It  should  be  remembered  that  these 
remarkable  "  views  and  recommenda- 
tions "  were  made  in  relation  to  a  bridge 
whose  central  arch  is  over  ninety  feet 
in  clear  height  above  low  water,  with  a 
clear  span  between  abutments  of  five 
hundred  and  twenty  feet.  It  is  the  long- 
est clear  span  in  the  world  (excepting 
suspension  bridges),  yet  General  Hum- 
phreys says  in  his  report:  "The  Board 
in  addition,  state  that  arched  trusses, 
like  those  in  the  bridge  under  considera- 
tion 'present  so  many  difficulties  to 
free  navigation,  that  in  future  their  use 
should  be  prohibited  in  plans  for  bridges 
over  navigable  streams.'  "f 

General  Humphreys,  in  his  report,  re- 
cites the  points  at  issue,  and  the  reasons 
for  the  conclusions  of  the  Board,  after 
which  he  says  :  "  The  views  and  recom- 
mendations of  the  Board  are  concurred 
in  by  me." 

The  Board,  according  to  General  Ab- 
bot, always  knew  that  the  chimneys 
could  be  easily  lowered.     He  indignantly 

*  See  2d  report,  page  24,  same  document. 
t  See  page  2,  Bridge  report,  same  document. 
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exclaims :  "  Even  the  little  survey- 
ing steamer,  the  Major  Sanders,  in 
charge  of  one  of  the  members  of  the 
Board,  was  provided  with  hinged  chim- 
neys."* He  says  in  effect  to  his  readers : 
"  Don't  believe  the  reckless  misstate- 
ments of  Mr.  Eads  ;  General  Humphreys 
never  did  such  a  silly  thing  as  to  recom- 
mend a  canal  around  the  end  of  the  St. 
Louis  bridge.  The  only  individual  con- 
nection of  the  Chief  of  Engineers  with 
that  discreditable  affair  was  in  transmit- 
ting the  report  of  the  Board  to  the  Sec- 
retary of  War ;  army  regulations  required 
him  to  do  this."  Of  course,  he  could 
not  have  disapproved  of  the  report. 

With  these  facts,  quotations,  and  ref- 
erences, I  submit  the  question  of  veracity 
raised  by  General  Abbot,  and  leave  it  to 
the  dispassionate  reader  to  determine 
who  has  been  making  "  reckless  mis- 
statements." 


[note  by  the  editor]. 

General  Abbot  announced  in  his  ar- 
ticle in  our  January  number  that  he  does 
not  propose  to  continue  this  discussion. 
It  seems,  therefore,  only.fair  to  refer  to 
certain  points  in  this  letter,  where  Mr. 
Eads  has  apparently  misunderstood  his 
position. 

General  Abbot  does  not  state  that  "no 
relation  whatever"  exists  between  the 
velocity  and  the  quantity  of  earthy  mat- 
ter held  in  suspension — which  is  manifest- 
ly absurd,  since  water  at  rest  supports  no 
earthy  matter — but  that  on  the  Missis- 
sippi river  observation  has  established 
that  no  "fixed  relation"  exists  between 
these  quantities,  and  hence  that  the  water 
cannot  be  charged  to  its  maximum  sup- 
porting capacity. 

With  reference  to  the  second  year's 
observations  at  Carrollton,  Mr.  Eads 
overlooks  the  fact  that  the  stand  of  the 
river  corresponding  to  the  sediment  ob- 
servations is  given  (page  525  and  plate 
IX);  and  hence  that  by  the  use  of  plate 
XIV  and  the  given  cross  section,  it  is 
easy  to  compare  the  velocity  and  corre- 
sponding earthy  matter  held  in  suspension, 
with  sufficient  precision  to  perceive  that 
the  observations  of  the  second  year 
accord  with  those  of  the  first. 

The  same  remarks  apply  to  the  observa- 
tions of  Prof.  Riddel ;  which  as  they  cover 

*  These  are  my  italics,  but  his  words. 


the  whole  period  from  May  21  to  Aug.  13, 
1846  (only  one  week  less  than  three 
months)  appear  to  us  to  justify  the  claim 
of  General  Abbot,  that  his  views  are  sup- 
ported by  three  years'  observations  on  the 
Mississippi.     The  exact  time  is  2.9  years. 

In  respect  to  the  question  of  the  na- 
ture of  the  bottom,  the  tables  in  Appen- 
dix C,  roughly  estimated,  exhibit  about 
3,000  casts  of  the  lead  between  "  Cairo 
and  the  Gulf "  in  the  Mississippi  river ; 
and  General  Abbot  has  explained  that 
the  entries,  showing  the  nature  of  the 
bottom,  refer  to  the  bottled  samples,  and 
do  not  include  all  collected  by  the  lead. 
Mr.  Eads  restricts  his  criticism  to  the 
region  between  "Cape  Girardeau  and 
Vicksburg,"  and  quite  ignores  the  latter 
statement.  As  General  Abbot  lays  great 
stress  upon  the  fact  that  the  conclusions 
announced  in  the  Mississippi  Report,  as 
to  the  nature  of  the  bottom  of  the  river, 
are  largely  based  upon  data  other  than 
the  soundings,  Mr.  Eads  does  not  seem  to 
fully  understand  his  position  on  the  ques- 
tion. 

As  to  the  matter  of  the  St.  Louis 
bridge,  it  is  fair  to  assume  that  Mr.  Eads, 
being  the  architect,  is  better  informed  as 
to  the  details  than  General  Abbot ;  but  we 
must  say  that  the  summary  of  the*  Gen- 
eral's statement,  given  by  Mr.  Eads  at 
the  close  of  the  letter,  seems  hardly  fair, 
and  we  would  accordingly  refer  the  reader 
to  the  original  article  in  our  January 
number.  Ed. 


The  old  spherical  weight  and  drop 
hook  will  not  be  required  much  longer 
for  breaking  castings  of  large  size,  as 
dynamite  provides  a  much  more  expedi- 
tious and  economical  smasher.  Some 
very  heavy  old  castings  belonging  to  the 
Hurlet  and  Campsie  Alum  Company 
were  recently  successfully  broken  up 
with  dynamite  by  Mr.  Somerville,  of  the 
Dynamite  Company,  Stirling.  The  cast- 
ings consisted  of  large  shallow  pans 
from  3  inches  to  4  inches  thick,  and  each 
weighing  about  four  tons.  Five  cart- 
ridges of  dynamite  were  placed  in  a  line 
from  the  outer  rim  of  the  pan  towards 
the  center  in  three  segments,  and  the 
explosive  was  covered  up  with  clay,  and 
fuses  applied  with  detonators  attached. 
On  ignition  and  explosion  the  pans  were 
most  completely  broken  up. 
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A  KINEMATIC  DISCUSSION  OF  THE  DIFFERENT  FORMS  OF  ARTICULATED 
LINKS  WITH  ESPECIAL  REFERENCE  TO  PEAUCELLIER'S  CELL. 

By  J.  D.  C.  DE  ROOS. 

Translated  from  "Revue  Universale  des  Mines"  for  Van  Nostrand's  Magazine. 


I. 


M.  Peaucellier,  an  officer  of  engineers 
of  the  French  army,  proposed  in  1864, 
in  the  Nbuvelles  Annates  de  Jfat/iema- 
liquet,  the  problem  of  the  transformation 
from  circular  to  alternating  rectilinear 
motion,  by  means  of  articulated  rods, 
and  in  1873  he  furnished  the  solution  in 
the  same  journal. 

The  arrangement  which  he  devised  is 
extremely  simple  and  has  been  applied 
to  many  problems,  both  in  tracing  curves 
and  the  mechanical  solution  of  problems. 
Still  it  is  only  quite  recently  that  this 
beautiful  invention  has  received  the  at- 
tention that  it  merits,  and  we  are  largely 
indebted  to  M.  Lipkin,  a  pupil  of  M. 
Schebicheff,  of  the  University  of  St. 
Petersburg,  who  published  in  1871  in 
the  Bulletin  de  St.  Petersburg,  a  solution 
of  the  same  problem,  entirely  independ- 
ent of  the  cell  of  Peaucellier. 

Since  then  the  rhombus  of  Peaucellier 
was  made  the  subject  of  a  paper  by  Prof. 
Sylvester,  before  the  Royal  Institution 
of  Great  Britain,  which  was  published  in 
many  English  journals,  and  was  trans- 
lated for  the  Revue  des  Scientifiqiie  of 
Nov.  21,  1874. 

This  paper,  very  interesting  from  many 
points  of  view,  serves  as  the  basis  of  the 
present  essay. 

We  shall  consider  more  particularly 
the  direct  practical  applications  of  this 
invention,  such  as  the  tracing  of  conic 
sections  and  other  curves,  rather  than 
its  uses  in  mechanical  calculations. 

Peaucellier's  apparatus  consisted  es- 
sentially of  f  our  equal  rods  or  links  f  orm- 
ing  an  articulated  rhombus,  but  the  name 
is  more  particularly  applied  to  the  ar- 
rangement represented  in  Figs.  1  and  2, 
in  which  the  four  links  are  pivoted  at  the 
extremities  A,  B,  A'  and  C  in  such  man- 
ner as  to  be  movable  in  the  plane  of  the 
figure,  while  the  two  opposite  angles  A 
and  A'  are  also  united  by  links  to  the 
axis  of  rotation  0. 


The  movable  joints  are  indicated  in 
the  figures  by  open  circles,  and  the  fixed 
joints  by  black  ones, 


The  connector  links  OA  and  OA'  may 
|  be  longer  or  shorter  than  the  sides  of 
i  the  rhombus,  as  shown  by  Figs.  1  and  2, 
i  and  upon  this  proportion  depends  the 
|  position  of  O,  whether  it  falls  outside  or 
inside. 

The  system  then,  is  variable  at  will,  so 
far  as  the  distances  OB  and  OC  are  con- 
cerned, within  determinate  limits. 

Whatever  dimensions  are  assumed  for 
one  of  these  distances,  it  is  evident  that 
the  three  points  O,  B  and  C  will  fall  in 
a  right  line,  and  that  the  two  areas  OB 
and  OC  depend  upon  each  other. 

The  remarkable  properties  of  Peaucel- 
lier's cell  depend  upon  the  simple  rela- 
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tions  existing  between  these  arms  or 
links. 

From  the  point  A  (Figs.  1  and  2)  drop 
the  perpendicular  AE  upon  BC,  and  for 
the  case  in  which  the  arms  have  the  same 
direction  as  in  Fig.  1,  OB  =  +  v,  and 
OC  =  +  w;  while,  for  the  case  repre- 
sented in  Fig.  2,  in  which  the  arms  have 
opposite  directions,  we  make  OB  =  - 
v  and  OC  =  +  w. 

Let  m  represent  the  length  of  OA  or 
OA',  and  n  the  length  of  each  of  the 
sides  of  the  rhombus ;  we  have,  when 
the  point  O  is  on  the  outside  : 

BE=&BO=4(io-t?) 

m*=A&  +  [v  +  ±(w  -  v)J 
and  n2=KE?  +  i(w-v)\  ' 

When  o  is  within  the  rhombus 


:JBC: 


■i(v+w) 


BEj 

m2=AE2+[}(v+w)-v]2 
and  .       '    n2=AE2  +  i(v  +  w)2 

These  equations  give  for  the  first  case ; 

m2  -  n"=vw, 
and  for  the  second, 

m2  -n2--  -vi&; 

so  that  in  whatever  manner  we  move  the 
systems,  the  product  of  the  arms  is  al- 
ways constant. 

The  difference  m*-n?  is  called  the  mod- 
ulus. Perhaps  it  would  be  better  to  call 
it  power,  from  its  analogy  to  the  equa- 
tion of  the  hyperbola  referred  to  its 
asymptotes,  and  we  will  represent  if  by 
C2.  The  power  may  be  positive  or  nega- 
tive according  as  O  is  outside  or  inside 
the  rhombus,  or  whether  the  arms  have 
the  same  or  opposite  directions. 

In  the  first  case,  the  system  is  said  to 
be  positive,  and  in  the  second,  negative. 

For  the  greater  facility  in  the  calcu- 
lation, we  will  henceforth  consider  the 
arms  as  positive,  or,  in  other  words,  we 
will  multiply  the  equation  m2  -  n2=  -  vw 
by  -  1,  which  will  give  C2  another  signi- 
fication, and  make  the  difference  m2  -  n2, 
or  n2  -  m2  in  all  cases  a  positive  quantity, 
whether  m  is  greater  or  smaller  than  n. 

The  difference  between  the  positive 
and  the  negative  system  will  be  simply 
that,  in  one  case  the  arms  will  have  the 
same,  and  in  the  other,  opposite  direc 
tions ;  and  for  both  cases  we  shall  have 
the  general  equation. 


vw=C2     (1) 

As  to  the  limits  between  which  v  and 
w  can  vary,  it  is  true  they  are  in  fact 
nearly  equal,  they  may,  notwithstanding, 
be  extended  to  any  limits  between  zero 
and  infinity. 

Designating  by  x  the  least  value  of  v 
or  w,  and  by  the  greatest  value,  we  shall 
have,  Fig.  1,  w=x=m-n  and,  Fig.  2, 
x=m  -  n,  while  for  both  yz=m  +  n,  whence 
for  the  positive  system 

m=\  (x  +  y),  ri=\  (y-x), 

and  for  the  negative  system  these  values 
interchanged 

n=i  (x+y),  m—\  (y-x). 

In  taking  then  m  or  n  at  convenience,  x 
and  y  may  take  all  values  between  zero, 
and  infinity,  and  the  determination  of 
their  limits  has  no  other  significance. 

Before  passing  to  the  applications  of 
these  positive  and  negative  systems,  we 
wish  to  say  a  few  words  about  a  system, 
by  means  of  which  algebraic  operations, 
of  which  we  will  treat,  can  often  be  sim- 
plified. 

In  Figs.  1  and  2  if  we  transport  the 
sides  AC  and  A'C,  parallel  to  their  ori- 
ginal positions,  till  their  intersection 
falls  at  some  point  E'  on  the  line  BC 
(Fig.  3),  then  joining,  as  shown  in  the 
figure,  the  four  sides  to  the  points  F  and 
F',  there  will  be  formed  another  rhombus, 
having  for  its  side  BF  or  BF'=ra',  and  if 
we  designate  by  p  and  q  the  arms  OE' 
and  BE',  we  shall  have : 


because 

BE' :  BC  :  :  BF  :  BA 

or 

q  :  io — v :  :  n' :  n 

therefore 

n' 
q=-  (w — v) 

and 

p=v  +  q=v+  —(w — v) 

lb 
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whence 


p  +  q = v  +  2  —  (to — v) 


and  consequently 


f^-^w  ;)+«£— '(Mg) 


This  equation  is  simplified  by  suppos- 
ing,  as  we  shall,  in  that  which  follows, 
that  the  point  E'  coincides  with  the  in- 
tersections E  of  the  diagonals  of  the 
rhombus  (Fig.  4)  ;  in  other  words,  tak- 
ing n'=fyi.  In  this  case  the  first  term 
of  the  second  member  disappears,  and 
there  remains 

p'-f/=C  (2) 

In  the  transformed  system,  Fig.  5,  it 
is  secondary  to  change  p*  -q1  to  qz  -p2, 
unless  we  wish  to  assign  a  negative  value 
toC2. 

But  the  direction  of  p  and  q  in  relation 
to  E  may  become  invested  when  OB  in- 
creases sufficiently,  measuring  from  O 
(Fig.  4)  or  from  B  (Fig.  5),  while  the 
limits  of  p  and  q  remain  the  same  in 
both  cases. 


F'g-  *•  * 


For  the  applications,  however,  it  is  a 
matter  of  indifference  whether  we  employ 
a  positive  or  a  negative  system,  since  in 
the  two  cases  the  uniting  of  the  most 
salient  vertices  gives  the  same  triangle, 
or  quadrilateral,  for  the  same,  limits  and 
values  of  p  and  q. 

There  exists  only  a  difference  in  the 
dimensions  of  the  cell,  and  this  is  merely 
apparent  since  the  free  movement  of  the 
basis,  not  at  all  embarassed  by  uniting  E 
to  the  middle  of  the  connectors. 

The  limits  of  p  and  q  are,  in  virtue  of 
Fig.    4,   for     the    case    in    which     we 


wish     negative     values     ^/m 
m    for   p,    o    and    n    for   q 


nr 

On 


and 
the 


other  hand,  in  virtue  of  Fig.  5,  the  in- 
verted values  are  *Jn2  _  ma  and  n  for  q, 
o  and  in  for  p ;  furthermore,  the  values 
in  and  n  can  always  be  so  taken  that  p 
and  q  shall  remain  within  determinate 
limits. 


Besides  this  system,  of  which  Sylvester 
first  pointed  out  the  remarkable  property 
of  making  the  difference  of  the  squares 
p*  -  q*  constant,  the  same  author  men- 
tions another  linkage,  by  means  of  which 
circles  of  long  radius  may  be  traced. 


This  combination  is  shown  in  Fig.  6, 
but  theoretically  it  does  not  differ  essen- 
tially from  Fig.  3.  In  effect,  from  the 
moment  that  OB  (Fig.  3)  becomes  greater 
than  OE',  that  is  to  say,  when  q  becomes 
negative,  Fig.  3  is  transformed  into  Fig. 
6,  so  that  the  equation 


V  -9. 


=('-»?> 


+  2-C2, 
n 


which  becomes,  after  substituting  for  q-> 
p  -v; 

pv  -11 —  )y  =-  C 

\       nl         n 

is  equally  applicable  to  the  case  of  Fig.  6. 
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We  will  make  a  special  study  of  this 
form  of  linkage,  which  we  will  call  Syl- 
vester's linkage  (losange  de  Sylvester), 
since  he  first  gave  a  description  of  it  in 
the  Educational  Times.  We  will  desig- 
nate by  x  and  y  respectively  the  dis- 
tances OE'==p  and  OB=v  (which  have 
in  the  case  the  function  of  arms),  and 
are  measured  from  O  (Fig.  6),  so  that 
their  general  properties  are  expressed  by 
the  equation : 


«w-(i-iV 


n 

n 


C2 


(3) 


Making  C2  equal  to  zero,  that  is  to  say, 
making  m=n,  we  obtain : 


y= 


n 


m  -n 


~*  *)U 


and  the  system  is  transferred  into  a  pan- 
tograph (Fig.  7).  Add  further  to  the 
link  E'F'  the  coupling  E'H  in  the  pro- 
longation of  F'E',  the  two  bars  CA'  and 
A'B  can  be  suppressed,  and  the  system 
takes  the  form  of  the  common  pantograph 
(Fig.  8). 


Although  the  systems,  which  we  have 
already  considered,  are  comprehended  in 
the  general  arrangement  of  Fig.  9,  of 
which  the  links  are  in  pairs  of  the  same 
length,  we  have  derived  from  preference 
one  from  the  other  in  order  to  avoid,  so 
far  as  possible,  the  change  of  signs. 


Strictly  the  links  should  not  be  in 
pairs  of  equal  length,  but  it  is  evident 
that  when  this  equality  is  realized  that 
the  three  points  O,  B  and  C  will  be 
found  in  a  straight  line.  The  properties 
found  to  belong  to  Peaucellier's  cell  are 
independent  of  the  length  of  the  links. 
Nevertheless,  we  will  treat  from  prefer- 
ence of  symmetrical  combinations. 

The  systems  considered  can  be  coupled 
together  and  thus  afford  new  combina- 
tions of  linkages ;  and  we  give  the  name 
of  elements  to  the  primary  systems  which 
make  up  the  compound  system. 

For  the  applications  which  we  propose 
to  study,  it  will  suffice  to  employ  the 
Peaucellier  Cell.  The  transformed  sys- 
tem (systeme  vare,  Fig.  5)  and  the  link- 
age of  Sylvester,  the  two  latter  forming, 
so  to  speak  a  single  system. 

The  Peancellier  Cell  as  an  instrument 
for  calculations: 

One  of  the  most  simple  applications  of 
this  linkage  is  that  which  affords  the 
reciprocal  of  any  given  ratio. 


Fig.  9. 


If  in  Fig.  10  a  graduated  scale  OC  be 
placed  along  the  line  of  the  poles  BC  of 
a  positive  losenge,  the  point  C  will  in- 
dicate the  inverse  value  of  OB,  if  the 
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zero  of  the  scale  is  placed  at  O,  and  if 
the  power  C  is  taken  for  unity  of  the 
scale. 

From  equation  (1)  we  deduce 

OB.OC=C2 
—  =7y5  in  which— ^— is  therecipro- 


c 


C 


cal  of 


OB 
C 


times  the  recipro- 


When  employed  thus  the  system  is  called 
a  reciprocator.  The  lengths  OA  and  AB 
(Fig.  10)  being  measured  in  millimeters 
OAa-AB'=625,  and  consequently  the 
unit  C  is  the  square  root  of  this  number, 
or  25  millimeters.  In  the  negative  sys- 
tem the  divisions  of  the  scale  would  have 
to  be  continued  beyond  the  zero  point. 
For  any  other  unit  c  the  value  of  OC 

would  represent  (- J 

cal  of  OB. 

Although  the  reciprocator  is  of  but 
little  practical  use  in  finding  reciprocals 
of  given  numbers,  since  they  are  deter- 
mined so  easily  by  other  means,  it  is 
capable,  nevertheless,  of  rendering  good 
service  in  obtaining  a  series  of  inverse 
values,  such,  for  example,  as  those  of 
consecutive  radii  vectores  qf  a  curve. 

The  trace  of  the  inverse  of  a  curve 
being  given,  that  is  to  say,  of  a  curve  of 
which  the  radii  vectores  have  an  inverse 
value,  we  may  obtain  them  by  the  panto- 
graph, a  trace  of  the  curve  on  a  reduced 
scale. 


Nearly  in  the  same  manner,  and  bas- 
ing the  operation  upon  the  equation 
OE  =  ^/EBJ  -f  C2,  we  mav  by  means  of 
the  transformed  system  (Fig.  4)  extract 
the  square  root  of  a  quadratic  binomial 
containining  one  variable.  In  this  case 
the  point  E  should  coincide  with  the 
zero  of  the  scale.  The  division  of  the 
scale,  which  is  regarded  as  a  unit,  is  a 
matter  of  indifference,  provided  C  is 
ineasurecl  by  the  same  unit.  The  length 
of  the  connectors  should  be  made  varia- 
ble, and  permit  giving  different  values  to 
C.  This  system  may,  like  the  recipro- 
cator, be  employed  in  tracing  curves. 

Expanding  or  reducing  variable  quan- 
tities by  the  Peaucellier  Cell  is  a  some- 
what more  complicated  operation,  for  it 
requires  the  joining  of  two  of  their  ele- 
ments. In  uniting  them  we  superpose 
the  joints  O  and  C  as  shown  in  Fig.  11, 
which  comprehends  a  positive  and  a  neg- 
ative system.  In  this  compound  sys- 
tem the  linkages  have  evidently  the  same 
liberty  of  motion  relatively  to  each  other 
as  when  the  elements  are  separate;  and 
the  reciprocal  relations  of  the  distances 
between  the  centers  of  relation  of  either 
system,  compared  with  the  other,  lead  to 
those  remarkable  properties  which  result 
from  the  combination. 

Thus  in  Fig.  11,  having  OD.OC=C2 
and  BO.OC=C/2,  whence  OD=^-2  OB, 
we  see  the  arm  OD  represents  a  length 
which  is  -Tfo  times  as  great  as  OB,  and 


this  system  becomes  transformed  into  an  i  CE'.  It  is  true  that  the  powers  C2  and 
ordinary  pantograph  by  making  OC  noth- 1  C'2  become  nothing,  but  their  ratio  is 
ing,  and  letting  fall  one  of  the  links  CE  _     _  .      _   _  ,       FD 

and  CA'  upon  the  prolongation  of  the  |  none  the  less  definite  and  equal  to  ^g. 
other.     The  same  may  be  said  of  AC  and  I     Extraction  of  square  roots,  or  raising 
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to  the  square,  requires  a  complex  com- 
bination of  linkages  which  is  only  of  a 
purely  theoretical  interest.  This  com- 
bination is  made  up  of  four  simple  Peau- 
cellier  elements  and  three  of  the  systeme 
varie  (Fig.  4)  joined  as  shown  in  Fig.  12. 
In  this  combination  OA  gives  the  square 
root  of  OH,  and  inversely  OH  gives  the 
square  of  OA. 

In  order  to  exhibit  better  the  coupling 
of  these  elements  we  have  represented 
separately  the  upper  part  of  each  ele- 
ment on  a  reduced  scale  (Fig.  13).  The 
same  letters  have  the  same  signification 
in  the  two  figures. 

The  powers  of  the  different  elements 
are  equal  among  themselves  and  have 
the  following  values,  also  given  in  Fig. 
13, 

(i<V2)2,   C2, ,  C2,  C2,    (<V2), 

C2  and  a<V2)2 

It  follows  from  this  by  reason  of  equa- 
tions (1)  and  (2)  and  taking  OA=x  that 
we  have  consecutively : 


OB=<StfTW>  oc= 


C2 


C2 


OB     V*2  +  iC2 


OD=a/OC2— c2=c|/5 

c 


-2x* 


OE=ED— OD= 


OF=^ 
OE 


OD 

<VC'-4a;4 
2cc2       ' 


C2  +  2x 
OD= 


C2 


VC4— 4z 


and 


in2 

0H=fe 


?1 
:C' 


OG=VC2  +  OF2 

O6 

2x* 

thenar 


C 


(5-)' 


or  taking  C  as  the  unit  of  the  scale 
OH=a;2  ;  OH  represents  then  the  square 
of  OA,  and  inversely  OA  is  the  square 
root  of  OH.  In  Fig.  12  the  unit  C  of  the 
scale  being  40  millimeters,  OA=Om5  and 
consequently  OH  =  Om25. 

On  the  other  hand,  if  OB  (Fig.  13) 
represents  the  cosine  of  an  angle  w,  it  is 
clear  from  the  preceding  that  OC,  OD, 
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OF,    OG  and  OH   represent  the  values 
respectively  of 

sec  10,  tan  w,  tan  Sto,  sec  2w,  and  £  cos.  2>/\ 


(HCVO 


<CV2> 
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THE  TESTING  OF  PIPES  AND  PIPE-JOINTS  IN  THE  OPEN 

TRENCHES. 

By  MALCOLM  McCULLCH  PATTERSON,  Assoc.  Inst.  C.  E. 
From  Selected  Papers  of  the  Institution  of  Civil  Engineers. 


The  question  of  water  supply  is  divided 
into  three  heads.  First,  the  conserva- 
tion of  existing  and  known  sources ;  sec- 
ondly, the  discovery  and  utilization  of 
new  and  unknown  sources ;  and,  thirdly, 
the  efficient  and  economical  management 
of  the  water  already  under  distribution. 

Under  the  third  head  is  classed  the 
present  Paper,  in  which  the  Author  lays 
no  claim  to  original  discovery.  He  sim- 
ply wishes  to  draw  the  attention  of  those 
concerned  to  certain  facts  which  have 
come  within  his  own  experience,  and  by 
discussion  thereupon  to  arrive  at  some 
practical  result. 

Though  no  Paper  upon  this  subject 
has,  to  the  Author's  knowledge,  hitherto 
appeared  before  the  Institution,  the  im- 
portance and  difficulty  of  securing  good 
pipe  conduits  has  frequently  been  re- 
ferred to  by  hydraulic  engineers  in  dis- 
cussions upon  waterworks,  and  it  is  ad- 
mitted that  a  large  amount  of  silent  and 
invisible  leakage  from  the  mains  accom- 
panies most  systems  of  water  supply. 
Among  instances  of  the  evil  effects  of 
leaky  mains  may  be  cited  Liverpool, 
where  the  consumption  of  117,425  per- 
sons was  reduced  from  32.12  gallons  to 
15.97  gallons  per  head  per  day  by  the 
repair  of  leaks,  discovered  by  the  waste- 
water-meter system  adopted  by  Mr.  Dea- 
con ;  Vienna,  where  a  special  commission 
was  appointed  to  report  upon  the  failures 
in  the  main  line  of  conduit  to  that  city ; 
and  Lewes,  in  Sussex,  where  an  outbreak 
of  fever  has  been  traced  to  this  cause 
amongst  others. 

The  experience  of  most  engineers  en- 
gaged in  this  branch  of  the  profession 
confirms  these  views,  the  difficulties  being 
the  impossibility  of  obtaining  perfect 
workmanship  in  the  joints  and  perfect 
scrutiny  of  each  pipe;  and  further,  if 
these  could  be  had  they  would  form  no 
safeguard,  inasmuch  as  many  hidden  de- 
fects in  pipes  are  only  proved  after  the 
caulking  of  the  joints  and  the  application 
of  the  water  pressure,  as  demonstrated  by 
the   experience   gained  at   Ossett.     Ex- 


amples, therefore,  are  common,  where 
accidents  to  conduits,  beyond  the  control 
of  those  in  charge,  cause  much  damage 
to  the  public,  and  anxiety  and  unjust 
blame  upon  the  engineer. 

It  is  proposed  to  show  that,  by  sys- 
tematically testing,  under  proper  super- 
vision, the  pipes  and  pipe-joints  in  the 
open  trenches,  a  genuine  safeguard  will 
be  found. 

The  Ossett  waterworks  were  carried 
out  by  the  Local  Board  of  the  district  of 
Ossett-cum-Gawthorpe,  a  woollen-manu- 
facturing town  on  the  river  Calder,  in 
the  West  Biding,  containing  10,000  in- 
habitants, and  lying  upon  the  Coal  Form- 
ation, in  which  no  proper  supply  of  water 
was  available.  The  Author's  scheme  was 
accepted  in  1874  ;  parliamentary  powers 
were  procured  in  1875,  and  the  works 
were  carried  out  in  1876-7,  at  a  cost  of 
£16,707. 

The  supply  is  purchased  in  bulk  from 
the  Batley  Corporation,  and  is  delivered 
through  meters  fixed  near  the  Staincliffe 
service-tank  of  that  body,  at  the  price  of 
Sd.  per  1,000  gallons,  in  a  scale  of  quan- 
tities graduated  according  to  the  anti- 
cipated needs  of  the  population.  The 
water  is  gathered  on  the  Millstone  Grit 
Formation,  near  Holmfirth,  on  the  bor- 
ders of  Cheshire,  about  15  miles  south- 
west of  Ossett,  by  a  system  of  reservoirs 
designed  by  Mr.  Bateman,  President, 
Inst.  C.E. 

The  Ossett  works  consist  of  a  line  of 
pipe-conduit,  a  covered  service-tank,  and 
high  and  low  level  distributing  pipes. 

The  conduit  is  of  10-inch  cast-iron 
socket-pipes,  about  3  miles  long,  having 
a  fall  of  56  feet,  and  is  designed  to  con- 
vey 500,000  gallons  per  day,  or  20  gal- 
lons per  head  for  the  domestic  and  manu- 
facturing purposes  of  a  population  of 
25,000.  The  maximum  working  press- 
ure is  360  feet,  or  150  lbs.  per  square 
inch,  extra  thickness  of  metal  being  pro- 
vided where  the  head,  or  water  column, 
exceeds  200  feet.  Sluice  and  air  valves 
are  provided,  and  the  whole  conduit  was 
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tested  at  suitable  intervals  while  the 
trenches  were  open.  Kennedy's  meters 
are  used  at  each  extremity  of  the  con- 
duit. 

The  covered  service-tank  holds  slightly 
over  1,000,000  gallons,  and  is  distant  2 
miles  from  the  center  of  Ossett.  The 
mean  internal  dimensions  are — 108  feet 
long,  by  100  feet  wide,  by  15  feet  deep. 
The  bottom  is  of  cement  concrete,  ren- 
dered with  cement  mortar ;  the  sides  of 
blocking-faced  and  rubble  masonry  re- 
taining puddle  walls.  The  whole  area  is 
arched  with  brick  and  concrete,  turned 
on  cast-iron  girders,  supported  by  sixty- 
three  pillars  of  the  same  material,  and 
covered  with  earth.  The  inlet,  outlet 
(high  and  low  level),  and  overflow  and 
discharge  pipes,  are  so  arranged  that  the 
whole  district  can  be  supplied  without 
the  reservoir,  either  through  the  high  or 
low  level  mains,  or  each  level  by  either 
main ;  and  reflux  valves  are  inserted  on 
the  inlet  pipes,  to  prevent  the  emptying 
of  the  tank  from  an  accident  to  the  con- 
duit. 

The  system  of  dishibution  is  divided 
into  two  levels ;  the  high  level  supplying 
one-sixth,  and  the  low  level  supplying 
five-fifths  of  the  population.  The  total 
length  of  pipes  in  the  contract  was  20,289 
yards,  varying  from  9  inches  to  3  inches 
in  diameter,  the  whole  being  of  the  or- 
dinary socket  kind,  with  lead  joints 
widening  inwards,  so  as  to  form  a  wedge 
joint  incapable  of  being  drawn.  Sluice 
valves  are  laid  at  the  junction  of  each 
street,  both  on  the  main  and  on  the 
branch.  Hydrants  are  put  down  every 
100  yards ;  air  valves  where  necessary ; 
and  discharge  or  scouring  pipes  at  every 
depression  or  dead  end.  The  whole  of 
the  pipes  were  tested  as  before. 

The  Author's  attention  was  drawn  to 
the  subject  of  testing  the  pipes  by  some 
remarks  made  at  a  Local  Government 
Inquiry  by  Major  Tulloch,  R.E.  ;  and  a 
clause  was  introduced  into  the  specifica- 
tion for  pipe-laying,  empowering  the  en- 
gineer to  test  the  mains  after  jointing,  in 
the  open  trenches — which,  with  the  ex- 
ception of  about  two  hundred  and  eighty- 
eight  pipes,  was  done  throughout.  The 
testing  apparatus  consisted  of  a  common 
hydraulic-ram  pump  carried  in  a  wheel- 
barrow, a  few  feet  of  strong  hose,  and  a 
blank  flange,  provided  with  an  inlet  for 
and  an  outlet  for  air.     The  blank  flange 


was  attached  to  the  socket  of  the  end 
and  uppermost  pipe  in  any  length,  by  a 
wrought-iron  clamp  and  screw  bolts ;  a 
pad  or  cushion  of  wrapped  hemp,  with  a 
cast-iron  ore,  being  used  for  the  joint. 
The  water  was  chiefly  obtained  from  the 
source  of  supply.  The  pressure  applied 
was  50  per  cent,  above  working  pressure 
(not  being  less  than  50  lbs.  per  square 
inch),  and  the  length  tested  varied  from 
60  to  500  yards,  the  average  duration 
being  about  two  hours  for  the  small 
sizes,  and  five  hours  for  the  9-inch 
and  10-inch  pipes.  The  inspector,  Mr. 
Marriott,  kept  an  exact  record  of  each 
test,  showing  the  diameter  of  pipe,  the 
number  of  test,  the  date,  the  number  of 
pipes  in  each  length,  the  pressure  ap- 
plied ;  and  finally,  what  was  of  the  great- 
est importance,  precise  details  of  the 
character  of  every  failure,  either  in  the 
casting  or  in  the  joint.  From  this  rec- 
ord an  analytical  table  was  carefully 
drawn  up,  whence  is  obtained  the  follow- 
ing summary,  showing  the  percentage  of 
failures  of  the  aggregate  of  all  sizes — 


Total  joints  tested,  .  7,763 
"  straight  pipes  tested,  7,5449 
"     special       "       "  514 


Number  of  Per- 

Failures.  centage. 

244  3.14 

104  1.43 

50  9.72 


These  results  are,  so  far  as  the  pipes 
are  concerned,  solely  attributable  to  con- 
cealed defects  in  the  castings,  discover- 
able only  after  caulking,  and  while  under 
pressure.  Change  of  weather  or  other 
adventitious  circumstances  did  not  enter 
into  the  cause,  although  the  risks  might 
be  lessened  by  the  employment  of  the 
best  known  methods  of  casting,  which  it 
is  the  object  of  such  systematic  testing 
to  ensure. 

£   s.  d. 

The  cost  of  the  testing  engine  and  repairs  was     20  14    8 

"  "    testing  the  mains  "       45    8  10 

"  "    repairs  during  testing  "      195    9    1 

The  whole  of  the  last  item  fell  upon  the 
contractors  who  supplied  the  defective 
castings.  The  practical  result  has  proved 
most  satisfactory.  The  repairs  upon  the 
line  of  conduit  since  January  1877  have 
been  nil,  and  those  on  the  distributing 
mains,  since  taken  in  hand  by  the  Board, 
in  January  1878,  have  cost  about  £5. 
The  Author's  conclusions  are : 
1.  That  the  usual  mode  of  laying  cast- 
iron  socketed  pipes  without  testing  after 
jointing,  and  in  the  open  trenches,  does 
not  give  sufficient  security  against  leak- 
age. 
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2.  That  by  such  testing  the  desired 
security  may  in  most  cases,  if  not  in  all, 
be  obtained  at  no  great  inconvenience  or 
cost. 

3.  That  all  pipes,  special  pipes  in- 
cluded, should,  if  possible,  be  tested  be- 
fore leaving  the  foundry. 

4.  That  the  value  of  the  principle  of 
easting  pipes  with  the  sockets  down- 
ward is  confirmed,  although  it  affords 
no  absolute  security  against  defective 
sockets. 

5.  That  systematic  testing  after  joint- 
ing will  tend  to  improve  the  quality  of 
both  castings  and  joints,  the  cost  of  each 
failure  being  thus  largely  increased,  and 
falling  upon  the  contractor  at  fault. 

6.  That  the  public  will  be  further  se- 
cured against  accidents  to  pipe  conduits, 
with  their  attendant  evils,  viz.,  the  cost 
of  repairs,  the  loss  of  water,  the  interrup- 
tion of  supply,  and  the  indraught  of  gas 
or  other  foul  air  at  leaky  points  when  the 
pipes  are  empty.* 


REPORTS  OF  ENGINEERING  SOCIETIES. 

Engineers'  Club  op  Philadelphia. — Meet- 
ing of  June  7,  1879.  M?  J.  H.  Harden 
introduced  Mr.  Joseph  S.  Paxson,  President  of 
the  Harrison  Patent  Car  Axle  Co.  who  read  a 
paper  describing  the  axle  and  exhibiting  a  work- 
ing of  the  same.  The  main  axle  is  undivided 
and  carries  one  wheel.  From  its  center  to  the 
other  wheel  it  is  fitted  by  a  collar  which  bears 
on  one  end  of  the  second  wheel.  The  main 
axle  has  two  points  of  bearing  in  the  collar. 
The  axle  is  thus  rigid  while  each  wheel  is  inde- 
pendent in  its  action.  The  extra  cost  of  this 
axle  is  fifteen  dollars  for  horse  cars,  and  hund- 
red dollare  for  eight  wheel  steam  cars.  The 
additional  weight  in  the  former  instance  is 
about  150  pounds,  and  in  the  latter  from  500  to 
600  pounds  for  each  car.  Tests  were  made  on 
a  street  railroad  in  New  York  City,  which 
showed  that  on  a  curve  of  40  feet  radius,  57.42 
par  cent,  more  can  be  pulled  by  a  given  force 
when  the  Harrison  axle  is  placed  on  the  car 
than  where  the  ordinary  axle  is  used.  An  im- 
proved nutlock  used  in  securing  the  car-coup- 
lings in  this  axle  was  shown  and  described. 
Mr.  Gorman,  introduced  by  Mr.  Hering,  exhib- 
ited a  trap  designed  to  prevent  the  egress  of 
noxious  gases  from  sewer  inlets.  It  consists  of 
a  valve  which  falls  from  its  seat  as  soon  as  the 
weight  of  the  water  upon  it  exceeds  that  of  its 
counterbalance.  It  is  claimed  that  when  the 
valve  is  open  the  water  still  forms  a  tight  joint 
between  it  and  its  seat,  as  the  water  flows  out, 
the  valve  comes  back  to  its  seat  gradually,  al- 
ways preserving  the  water  joint.     Mr.  Thomas 

*  In  the  original  Paper  are  given  the  record  of  tests, 
the  analysis  thereof,  and  a  schedule  showing  the  details 
of  the  pipes. 


M.  Cleeman  read  a  paper  showing  that  from  ex- 
periments made  by  Mr.  Darrach,  Kutter's  for- 
mula was  not  applicable  to  cases  in  which  the 
flow  of  water  was  under  pressure.  The  paper 
was  discussed  at  length  by  Messrs.  Hering  and 
Cleeman.  The  Club  adjousned  until  October 
next. 


IRON  AND  STEEL  NOTES- 

The  Future  op  the  Iron  Trade. — The 
Earl  Granville  is  not  an  iron  and  coal- 
master  who  believes  that  England's  decadence 
in  the  iron  and  coal  world  has  begun.  Address- 
ing other  ironmasters  at  a  banquet  in  Wolver- 
hampton last  Friday,  he  reminded  them  that 
regularly  since  1872  the  reduction  in  the  make 
of  iron  the  world  through  had  been  800,000  tons 
per  annum.  Yet  of  this  reduction  only  160,000 
tons  had  fallen  to  this  country,  whose  dimin- 
ished output  had  therefore  been  no  more  than 
one-fifth  of  the  whole.  If,  considering  how 
severe  had  been  the  depression,  this  was  not 
encouragement  enough  in  anticipation  of  the 
future,  then  his  lordship  would  have  them  bear 
in  mind  what  had  happened  since  the  middle 
of  this  century.  At  that  earlier  date  England 
was  paoducing  just  one-half  of  all  the  iron  made 
the  whole  world  over.  That  in  the  interval 
millions  have  been  spent  in  the  manufature  of 
iron  by  the  different  nations  of  Europe,  and  by 
America,  is  notorious.  Lord  Granville  deems 
it  most  satisfactory,  that  under  such  circum- 
stances the  proportion  of  the  whole  iron  con- 
sumption of  the  world  supplied  by  England  is 
at  the  present  day  483^  per  cent.  We  are, 
therefore,  now  making  less  proportionately  than 
at  the  earlier  date  by  merely  1%  per  cent. 
Since,  upon  coming  of  age  his  father  gave  him 
an  interest  in  ironmaking  and  coal  mining, 
Lord  Granville  has  seen  more  occasions  "than 
he  can  count  upon  bis  fingers  when  prices  were 
very  low,  and  there  were  especial  reasons  why 
they  could  never  be  high  again ;  and  where,  on 
the  other  hand,  prices  being  very  low,  it  was 
mathematically  demonstrated  to  him  that  they 
could  never  fall  as  low  as  they  had  been  be- 
fore ! "  Notwithstanding  the  steel  question, 
his  lordship  has,  therefore,  no  fear  of  history 
repeating  itself;  nor  has  he  any  fear  of  the 
competition  of  countries  who  are  weighted  with 
the  cost  of  heavy  standing  armies  or  prohibitive 
tariffs ;  and  he  looks  upon  the  improved  trade 
in  the  United  States  as  indicative  of  the  early 
revival  of  commercial  industry  in  this  country. 
Lord  Gianville's  views  are  as  valuable  as  they 
are  interesting,  and  they  are  supported  in  some 
part  by  Jhe  nature  of  the  Board  of  Trade  re- 
turns which  have  been  issued  this  week. — En- 
gineer. 

STATISTICS  OF  THE  AMERICAN  IRON  TRADE 
in  1878. — Abstract  of  the  Report  of  the  Sec- 
retary of  American  Iron  and  Steel  Association, 
James  M.  Swank. 

The  appended  table  shows  in  tons  of  2,000 
pounds  the  production  of  all  kinds  of  iron  and 
steel  in  the  United  States  from  1872  to  1878. 
In  nearly  all  of  the  branches  of  the  domestic 
iron  and  steel  industries  which  are  here  enum- 
erated there  has  been  an  increased  production 
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in  1878  over  187?  :  but,  as  will  appear  farther 
on,  this  increase  in  production  has  been  accom- 
panied by  a  decrease  in  prices.  At  DO  time  in 
the  history  of  the  country  have  prices  for  iron 
and  Bteel  been  BO  low  as  they  were  in  L878,  e\ 
CepUng  in  colonial  days,  when  the  price  of  pig 
iron  was  Mill  lower. 
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77ie  Production  of  Pig  Iron  in  1878. 

The  year  1878  witnessed  an  increased  pro- 
duction of  pig  iron  in  the  United  States  over 
the  year  1877,  as  1877  had  witnessed  an  increased 
production  over  1876,  which  was  the  year  of 
lowest  production  since  the  panic  of  1873.  The 
production  of  pitr  iron  in  1878  was  2,577,361 
tons  of  2,000  pounds,  and  from  1872  to  1878  it 
has  been  as  follows. 


1872 


1S73 


1874 


1875 


2,S54,55S  2  S6S.273  2,CS9,413  '  2,266,581 


1876 


1817 


1S78 


2,093,236    2,314,5S5 


2,577,361 


The  increase  in  1877  over  1876  was  221,349 
and  in  1878  over  1877  it  was  262,776  tons. 
If  a  similar  rate  of  increase  be  maintained  in 
1879,  as  we  have  no  doubt  it  will  be,  the  pro- 
duction in  this  year  will  equal  that  of  either  of 
the  exceptionally  productive  years,  1872  and 
1873;  wThile  a  much  te  of  increase  will 

carry  our  production  in  1880  above   3,000,000 
tons.     Joined  to  the  reduction  in  stocks  of  pi<r 
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iron  which  took  place  in  1877  and  1878.  and 
which  will  be  shown  farther  on  in  this  report, 
the  fact  is  fully  established  that  the  consumption 
of  pig  iron  in  this  country  has  greatly  increased 
since  1876.  This  increased  consumption  is  not 
wholly  accounted  for  by  the  growth  in  the  past 

two  years  of  the  Bessemer  branch  of  our  steel 

industry,  rapidly  as  it  has  been  developed;  and 

it  is  to  be  noted  also  thai  the  production  of  iron 
rails  and  all  forms   of  rolled  iron  was  |< 
1877  than  in  1876,  and  but  little  greater  in  1878 
than  in  1876.    The  inference  is  therefore  clear 

that,  although  the  increased  consumption  of 
pig  iron  in  the  last  twro  years  was  due  partly  to 
the  activity  in  our  steel  works,  it  was  also 
partly  due  to  an  improvement  in  the  business 
of  the  foundries  and  machine  shops  of  the 
country,  and  but.  slightly  due  to  the  iron  rail 
mills  and  other  iron  rolling  mills. 

If  the  prices  obtained  for  pig  iron  in  the  last 
two  years  had  kept  pace  with  the  increase  in 
production,  the  pig  iron  branch  of  the  Ameri- 
can iron  industry  would  have  been  in  a  reason- 
able degree  prosperous;  but  unfortunately  we 
are  not  permitted  to  record  a  result  which  would 
have  been  so  gratifying.  Prices  of  pig  iron  de- 
clined steadily  in  1877  and  1878,  as  they  had 
previously  declined  since  1872,  in  which  year 
the  highest  prices  were  attained  since  1865,  the 
last  year  of  the  war.  The  average  yearly  price 
of  No.  1  anthracite  foundry  pig  iron  at  Phila- 
delphia from  1872  to  1878  was  as  follows  per 
ton  of  2,240  pounds. 


1872 

1873 

|  1874 
.  $30  25 

1875   1876 

1877 

187S 

$48  S7± 

$42  75 

$25  50  $22  25 

$18  8i ^ 

$17  62J 

From  1872  to  1876  the  price  declined  almost 
55  per  cent.,  and  the  total  decline  from  1872  to 
1878  was  64  per  cent.  The  highest  price  quoted 
in  1872  was  $53. 87-^.  and  the  lowest  price  quot- 
ed in  1878  was  $16  50  in  November.  Since  that 
month  the  price  has  fluctuated,  but  has  at  no 
time  fallen  below  the  figures  which  were  then 
quoted,  and  since  February  it  has  slightly  ad- 
vanced. 

The  use  of  coke  as  a  blast  furnace  fuel  has 
steadily  increased  during  the  past  few  years, 
but  the  most  significant  feature  of  this  increase 
is  the  invasion  by  coke  of  districts  heretofore 
exclusively  appropriated  by  anthracite  coal. 
Connellsville  coke  is  now  used  in  some  furnaces 
in  New  York,  New  Jersey,  Eastern  Pennsyl- 
vania and  Maryland,  but  in  every  instance  as  a 
mixture  with  anthracite.  The  furnaces  which 
use  this  mixture  we  have  classed  as  anthracite 
furnaces.  If  an  absolutely  accurate  classifica- 
tion of  furnace  fuels  were  possible  it  would 
probably  appear  that  more  pig  iron  is  now  made 
with  bituminous  coal  and  coke  than  is  made 
with  both  anthracite  and  charcoal  combined. 

The  States  which  increased  their  production 
of  pig  iron  in  1878  wTere  Vermont,  Connecticut, 
New" York,  New  Jersey,  Pennsylvania,  Vir- 
ginia, Georgia.  Alabama,  West  Virginia,  Ken- 
tucky, Tennessee,  Ohio,  Illinois,  Wisconsin  and 
Oregon.  Those  which  decreased  their  pro- 
duction were  Maine,  Massachusetts,  Maryland, 
Michigan  and  Missouri.    North  Carolina,  Texas 
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and  Indiana  made  pig  iron  in  1877,  but  made 
none  in  1878.  None  of  the  Territories  made 
any  pig  iron  in  1877  or  1878. 

Production  of  Iron  and  Steel  Rails  in  1878. 

The  production  of  rails  of  all  kinds  in  the 
United  States  in  1878  was  882,685  net  tons. 
This  product  has  been  but  twice  exceeded  in 
the  history  of  the  country,  in  1872  and  1873. 

The  increased  production  in  1878  over  1877 
was  117,976  tons.  The  product  of  1878  was 
composed  of  550,898  tons  of  Bessemer  steel 
rails;  322,890  tons  of  iron  rails;  and  9,397  tons 
of  open-hearth  steel  rails.  The  production  of 
Bessemer  steel  rails  was  118,229  tons  greater  in 
1878  than  in  1877;  while  that  of  iron  rails  was 
9,650  tons  less.  Open-hearth  steel  rails  appear 
in  the  statistics  of  last  year's  rail  production 
for  the  first  time.  In  1879  we  will  probably 
produce  as  many  rails  as  in  1872,  when  we 
made  1,000,000  tons. 


RAILWAY  NOTES, 

rj"^HE  North  Metropolitan  Tramways  Company 
JL  has  determined  upon  an  extension  of 
their  lines  in  the  east  of  London,  with  a  view 
of  rendering  the  network  complete.  The  first 
new  line  is  from  -Grove  road,  through  Yictoria 
Park,  and  the  other  is  in  Grfiham  road,  Dal- 
ston. 

AT  a  meeting  of  the  Victorian  Amalgamated 
Society  of  Engineers,  Mr.  Woods,  Min- 
ister for  Railways,  said  that*  since  he  had  as- 
sumed office  he  had  done  all  in  his  power  to 
have  work  performed  in  the  colony,  instead  of 
sending  home  for  it,  and  £724,000  has  been 
thus  expended. 

For  some  time  it  was  suspected  by  the  offi- 
cers of  the  Frankfurt-Bebra  Railway  that 
the  practice  of  casting  white  metal  bearings 
round  steel  axles  had  been  the  primary  cause 
of  several  breakages,  and  the  experiments  were 
undertaken  to  ascertain  the  possibility  of  such 
being  the  case.  From  vol.  lvi.  of  the  "Pro- 
ceedings "  of  the  Institution  of  Civil  Engineers, 
p  321,  we  lean  that  by  repeating  the  casting 
process  a  number  of  times  on  the  same  axle,  it 
was  found  that  in  every  case,  and  with  every 
kind  of  steel  tried,  cracks  appeared  sooner  or 
later,  sometimes  on  the  second  trial,  sometimes 
not  till  the  forty-fifth.  The  white  metal  used 
contained  7  parts  copper,  14  parts  antimony, 
and  79  parts  zinc,  and  melted  between  450  deg. 
and  500  deg.  C,  810  deg.  to  932  deg.  Fah. 
These  experiments  tend  to  show  that  the  com- 
mon plan  of  casting  white  metal  round  the 
axle  is  a  fruitful  source  of  danger. 

The  modern  has*  been  brought  into  contrast 
with  the  old  in  Rome  by  the  opening  on 
Sunday  last  of  a  steam  tramway  to  Tivoli,  con- 
necting the  capital  with  the  oil-producing  coun- 
try. The  line  follows  the  old  high  road  well 
known  to  British  tourists,  and  presents  the 
same  ugly  curves,  which  will  be  rectified. 
Leaving  on  the  left  the  sulphur  baths  described 


by  Lyell,  where  an  establishment  will  shortly 
be  erected,  and  on  the  right  Hadrian's  villa,  the 
line  passes  on  to  Tivoli.  The  ceremony  took 
place  under  the  auspices  of  the  Minister  of 
Public  Works;  M.  Tant,  the  director  of  the 
company;  the  Perfect  and  Syndic  of  Rome,  and 
several  senators  and  deputies.  Two  engines, 
drawing  three  cars  seating  forty  persons,  left 
the  station  at  1  p.  m. ,  and  arrived  at  Tivoli  at  3 
p.m.,  having  passed  over  the  ground  easily,  and 
taken  the  steepest  ascents  in  perfect  safety,  at  a 
rate  of  15  kilometers  an  hour. 

Tj^rom  a  number  of  experiments  on  railway 
JO  axle  friction  made  some  years  ago,  it  was 
concluded  that  (1)  the  friction  increases  with 
the  load,   and  in  a  considerably  higher  ratio. 

(2)  That  the  friction  increases  with  the  velocity, 
but  not  in  the  same  proportion  as  with  the  load. 

(3)  That  gun-metal  bearings  have  been  found  to 
produce  the  least  friction,  but  that  they  require 
more  careful  fitting.  Various  iron  and  cast 
steel  axles  were  employed  for  the  experiments, 
all  having  been  in  use  for  some  time.  The 
journals  of  the  iron  axles  were  3.15  in. 
diameter  by  5.6  in.  length.  Those  of  the  cast 
steel  axles  were  2.8  in.  by  5.6  in.  The  speed 
was  180  and  860  revolutions  per  minute.  The 
loads  were  321,  631,  941  and  1251  lbs.  per  jour- 
nal. One  gun-metal,  one  tin  and  one  lead  alloy 
were  used  for  the  brasses.  The  inferences 
drawn  from  those  experiments  were  as  follows : 
— (1)  The  coefficient  of  friction  for  iron  and  cast 
steel  axles,  when  lubricated  with  rape  oil  or 
colza  oil,  and  with  bearing  of  tin  alloys  or  hard 
lead,  is  between  0.009  and  0.0099.  (2)  For  the 
same  axles,  with  gun-metal  bearings,  the  coeffi- 
cient is  0.0141.  (3)  The  coefficient  of  friction, 
for  such  loads  as  occur  on  railway  vehicles,  is 
independent  of  the  load,  consequently  a  smaller 
or  larger  bearing  surface  of  the  journals  is 
(within  certain  limits)  of  no  influence  on  the 
friction.  (4)  The  coefficient  of  friction,  for 
such  velocities  as  occur  in  railway  vehicles,  is 
independent  of  the  velocity.  (5)  When  grease 
is  used  as  the  lubricant,  the  coefficient  of  fric- 
tion is  greater  than  with  oil  for  small  loads,  but 
for  heavier  loads,  where  the  journals  become 
warm  more  quickly,  the  coefficient  of  friction 
is  the  same  for  grease  and  oil,  except  at  start- 
ing Different  sets  of  experiments  have  given 
different  results.  By  some  experiments  made 
on  the  London  and  South  Western  Railway,  to 
determine  the  resistance  with  oil  as  compared 
with  grease,  axle-boxes  and  carriages  weighing 
about  6  tons  4  cwt.,  the  tractive  force,  in 
pounds  per  ton  weight,  required  to  keep  them 
in  motion  was  as  follows,  for  seven  different 
experiments:  2.8,  2.6,  2  9,  2.2,  4.0,  2.6;  giving 
a  mean  of  2.85  (Proc.  I.C. E.,  vol  xxviii).  The 
bearings  were  of  white  metal  and  the  loads 
small,  both  of  which  circumstances  would  tend 
to  diminish  the  resistance.  This  average  gives 
a  coefficient  of  0.0127  for  oil  axle  boxes  with 
white  metal  bearings.  More  recent  experi- 
ments have  given,  it  is  said,  still  lower  results 
for  oil,  so  that  on  the  whole  we  may  safely  as 
sume  that  the  coefficient  of  friction  for  gun- 
metal  bearings  well  lubricated  with  oil  is  0.014, 
and  for  white  metal  bearing  0.012. 
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ENGINEERING  STRUCTURES. 

Tiik  English  Tunnel. — We  give  some  de- 
tails of  the  explorations  which  have  been 
made  for  the  proposed  tunnel  under  the  En- 
glish  Channel       M.    Laronsse,  the  eminent    hv- 

arographic  engineer,  whose   name  is  already 

well  known  in  connection  with  the  works  of 
the  Sue/  Canal,  has  been  charged  with  the  care- 
ful survey  of  the  bed  of  the  channel,  with  the 
object  of  determining  the  configuration  and  the 

ilogica]  character  of  the  rocks  of  which  it  is 
composed.  Numerous  soundings  have  already 
been  made,  not  only  in  French  waters,  but  also 
in  the  parts  of  the  Straits  near  the  English 
coast.  1.526  Observations  have  been  made  in 
this  way  of  the  Channel  bed  district,  on  the 
French  side  of  the  Channel,  and  extending  to 
a  distance  of  17  miles  from  the  coast ;  from  these 
758  samples  of  the  sub-marine  strata  have  been 
collected  and  carefully  arranged,  by  means  of 
which  the  boundary  of  the  calcarious  and  the 
argillaceous  beds  have  been  determined.    These 

inding  operations,  which  have  been  many- 
times  repeated,  have  touched  the  bottom  of  the 
Channel  no  less  than  7,071  times,  at  an  average 
distance  one  from  another  of  from  100  to  200 
meters,  and  have  furnished  3,267  geological  spe- 
cimens. The  sub-marine  region  has  been  ex- 
plored in  lines  nearly  parallel  to  the  coasts,  and 
at  a  distance  of  from  250  to  300  meters.  The 
width  of  the  Channel  between  the  extreme  ends 
of  the  proposed  tunnel,  viz.,  between  Sangate, 
near  Calais,  and  St.  Margaret's  Bay,  a  little  to 
the  east  of  Dover,  is  about  25  miles.  The  re- 
sult of  the  soundings  alone  would  not  have 
proved  sufficient  without  taking  account  of  the 
influence  of  the  variations  in  the  level  of  the 
water.  This  important  element  in  the  calcula- 
tions has  been  studied  exhaustively  by  M.  La- 
rongse,  whose  conclusions  are  favorable  to  the 
project  set  on  foot  by  M.  Lavalley,  the  cele- 
brated engineer  of  the  Suez  Canal,  the  promoter 
of  the  idea  of  a  port  of  La  Reunion.  The  tun- 
nel will  have  a  length  of  30  kilometers  and,  with 
a  traverse,  a  continuous  bed  of  gray  chalk. 
While  allowing  the  necessary  incline,  to  insure 
the  running  off  of  the  small  quantity  of  water 
which  filter  into  the  tunnel,  its  depth  below  the 
sea-bed  will  in  no  part  of  its  course  exceed  70 
meters.  A  railway  train  leaving  Paris  would 
enter  the  tunnel  at  Sangate,  proceed  under  the 
Straits  and  ascend  the  incline  on  the  English 
side  insensibly,  emerging  from  the  tunnel  at 
St.  Margaret's  Bay,  about  6  kilometers  from 
Dover. 

Thk  Darien  Sihp  Canal. — This  project  has 
entered  another  stage,  and  an  important 
one.  A  congress  met  in  Paris  on  Friday  last 
week,  under  the  presidency  of  M.  de  Lesseps, 
for  the  purpose,  if  possible,  of  finally  settling 
the  question.  31.  Lesseps'  name  is  a  tower  of 
strength  for  such  an  undertaking,  and  he  is 
supported  by  many  distinguished  representa- 
tives of  science  and  commerce  from  every 
country  in  Europe,  from  America,  and  even 
from  China.  The  congress  has  before  it  seven 
distinct  plans,  including  a  level  canal  without 
locks  or  tunnel,  and  one  which  involves  the  cut- 
ting of  a  tunnel  ten  miles  long,  and  high  enough 
and  wide  enough  to  allow  of  the  passage  of  a 


three-master,  A  broad  and  die])  trench,  like 
the  Sue/,  ('anal,  is  Impossible;  from  the  contour 
of  the  country,  which  has  been  thoroughly  sur- 
veyed, open  CUttingS  would  involve  an  enor- 
mous cost;  while  a  complicated  system  of  locks 
would  Interfere  with  navigation  so  much  as  to 
limit  the  number  of  ships  passing  below  the 
number  that  is  required  to  make  the  speculation 
a  payii  g  one.  So  far  back  as  1866  it  was  es- 
timated that  the  commerce  of  England,  the 
United  States  and  France,  that  would  be  at- 
tracted to  this  route  would  be  upwards  of  three 
million  tons,  some  placed  it  as  high  as  seven  ; 
and  the  lowest  figure  for  the  first  year's  revenue 
was  put  at  a  million  and  a  half;  but  the  work 
would  probably  cost  two  bundled  and  fifty 
millions,  and  the  annual  outlay  would  be  no 
trifling  sum.  At  the  second  meeting  of  the 
congress  it  was  shown  to  be  necessary  for  the 
permanence  of  the  undertaking  that  six  million 
tons  of  shipping  should  pass  through  yearly, 
and  that  a  single  lock  would  reduce  the  capa- 
city of  the  canal  by  one-half.  The  undertak- 
ing, even  on  the  cheapest  scale,  would  tax  the 
resources  of  the  civilized  world  to  complete  ; 
but  the  present  congress  may  be  expected  either 
to  show  its  practicability  or  to  prove  that  it  is 
impracticable.  Of  the  great  importance  of  such 
a  passage  to  the  commerce  of  the  world  there 
cannot  be  two  opinions;  it  would  shorten  the 
passage  from  the  Channel  to  the  chief  ports  on 
the  western  coast  of  America  by  from  5,000  to 
3,000  leagues.  The  French  Convention  once 
proposed  to  starve  out  the  English  aristocracy, 
by  cutting  through  the  isthmus  and  sending 
the  Gulf  Stream  into  the  Pacific ;  the  proposed 
canal,  if  carried  out,  will  modify  the  course  of 
traffic  to  America  and  the  East  almost  as  much 
as  these  wiseacres  hoped  to  modify  our  English 
climate. 


ORDNANCE  AND  NAVAL. 

MEASURING  THE  ReCOLL  OF  GUNS  AND  THE 
Motion  of  Projectiles. — To  know 
precisely  the  lawr  of  motion  of  recoil  of  guns  in 
the  first  instants  after  inflammation  of  the 
powder  is  very  important  for  artillerymen,  as 
the  pressures  in  the  bore  may  be  thence  de- 
duced, and  guidance  is  had  in  calculating  the 
forms  and  thicknesses  of  guns  and  in  choice  of 
powder  giving  the  best  effects  Several  appar- 
atuses have  been  devised  for  the  purpose,  but 
lacked  the  desirable  precision.  This  seems  now 
to  have  been  gained,  however,  by  M.  Sebert,  in 
the  so-called  veloc-meter,  which  he  has  recently 
brought  before  the  French  Society  for  Encour- 
agement of  National  Industry.  The  exact 
motion  of  the  gun  in  its  recoil  can  be  given  in 
intervals  as  small  as  l^th  of  a  second,  or  less. 
The  apparatus  consists  of  a  strip  of  flexible 
steel,  movable  in  a  horizontal  slide  on  a  board 
supported  in  a  fixed  position.  This  strip  is 
connected  by  means  of  a  flexible,  but  inextens- 
ible  steel  wire  with  the  gun  or  its  carriage,  the 
movement  of  which  it  follows.  Its  upper  sur- 
face is  blackened  with  soot,  and  over  it  is  fixed 
a  tuning  fork,  kept  electrically  in  vibration  by 
a  method  of  ML  Deprez.  One  of  the  two 
branches  of  the  fork  (which  are  parallel  hori- 
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zontally)  carries  a  small  steel  style,  and  the  fork 
can  be  turned  on  a  horizontal  axis,  so  as  to 
bring  this  style  into  light  contact  with  the  black 
surface.  As  the  strip  is  drawn  along  by  the 
gun  in  its  recoil,  a  wavy  line  is  formed  on  it  by 
the  style,  and  by  comparing  the  lengths  of  the 
successive  waves,  the  travel  of  the  gun  in  time 
intervals  corresponding  to  the  known  times  of 
vibration  of  the  fork  can  be  precisely  ascer- 
tained. The  weights  of  the  masses  moved  be- 
ing known,  the  force  applied  to  the  system,  and 
so  the  pressure  in  the  bore  can  be  determined. 
The  apparatus  Clearly  proved  a  fact  known  be- 
fore— that  the  velocity  of  recoil  continues  in- 
creasing considerably  after  the  projectile  has 
left  the  gun  (reaching  a  maximum  in  one  case 
when  the  shot  was  15  meters  from  the  mouth). 
This  is  evidently  due  to  the  expansive  force  of 
gases  remaining  in  the  gun  after  the  projectile 
has  left.  M.  Sebert  adds  to  the  apparatus  what 
renders  it  a  chronograph  for  determining  the 
time  of  passage  of  a  projectile  either  in  the  bore 
or  in  the  air.  A  number  of  small  electric  regis- 
ters are  placed  near  the  tuning  fork :  they  are 
formed  of  electro -magnets  (of  special  character), 
of  which  the  armature,  acted  on  by  an  antago- 
nistic spring,  carries  a  small  steel  style  produc- 
ing a  continuous  trace  on  the  blackened  strip, 
which  trace,  however,  is  suddenly  displaced 
when  the  armature  is  actuated  by  rupture  of 
the  circuit  of  the  electro-magnet.  Such  rupture 
is  effected  by  the  projectile  in  its  passage.  A 
special  interrupting  arrangement  is  fixed  in  the 
mouth  of  the  gun,  and  other  interruptions  oc- 
cur when  the  projectile  passes  through  frames 
placed  in  its  course.  Each  of  these  effects  is 
registered  on  the  strip.  These  registers  (M. 
Deprez's  invention)  are  subjected  to  a  very 
slight  retardation,  which  had  to  be  remedied, 
considering  the  precision  required  of  the  appar- 
atus, and  M.  Sebert  succeeded  in  doing  so  in  a 
way  we  need  not  here  stop  to  describe. — Iron. 

Qteel  Vessels  for  the  British  Navy. — 
>0  Practical  experience  having  shown  steel, 
under  the  modern  processes  of  manufacture,  to 
be  adapted  to  a  variety  of  purposes  for  which  it 
was  at  no  very  remote  period  considered  to  be 
altogether  unsuited,  it  is  not  surprising  to  learn 
that  it  is  superseding  iron  in  multifarious  direc- 
tions, and  is  being  largely  used  by  the  Admiral- 
ty in  the  construction  of  vessels  for  the  British 
ISavy.  Indeed,  that  Navy  already  possesses  a 
steel  despatch  vessel,  the  Iris,  which  is  only 
waiting  to  be  commissioned,  and  is  regarded  by 
some  of  the  best  authorities  not  only  as  a  strik- 
ingly pretty,  but  also  as  a  remarkably  useful 
craft ;  a  sister  ship,  the  Mercury,  is  rapidly  ap- 
proaching completion;  and  six  steel  and  iron 
corvettes,  costing  about  £100,000  each,  and 
built  on  the  Clyde  by  Messrs.  Elder  &  Co., 
three  being  engined  by  that  firm,  and  the  re- 
mainder by  Messrs.  Humphrjs,  Tennant  &  Co., 
have  also  been  received  at  the  Government 
dockyards,  and  are  now  being  masted,  rigged, 
and  finished  for  sea.  More  recently  still,  de- 
signs have  been  prepared  for  the  construction 
of  two  steel  vessels — the  Canada  and  the  Cor- 
delia—which are  each  to  be  advanced  177  tons 
this  fiscal  year,  their  frames  being  already  laid 
n  the  building  slips  at  Portsmouth  Dockyard. 


All  the  names  of  these  eight  corvettes  commence 
with  the  third  letter  in  the  alphabet,  those 
launched  from  the  yard  of  Messrs.  Elder  having 
been  named  the  Comus,  Champion,  Carysfort, 
Curacoa,  Conquest,  and  Cleopatra.  These  six 
resemble  each  other  in  all  respects,  their  princi- 
pal dimensions  being — length  between  perpen- 
diculars, 225  ft. ;  extreme  breadth,  44  ft.  6  in. ; 
depth  in  hold,  21  ft.  6  in.;  and  tonnage  1270. 
The  load  draught  of  water  will  be,  forward,  17 
ft.,  and  at  after  end,  18  ft.,  6  in.  The  engines 
are  compound,  and  have  an  indicated  horse 
power  of  2,000,  while  the  vessels  have  six 
boilers  each,  and  the  propelling  power  is  a  sin- 
gle screw  with  two  blades,  of  a  diameter  of  16 
ft.  6  in.  The  diameters  of  the  cylinders  are, 
high -pressure,  86  in. ;  low-pressure,  64  in. ;  and 
length  of  stroke,  2  ft.  6  in.  The  coal-carrying 
power  is  360  tons,  and  at  the  trial  of  the  Curacoa 
the  consumption  per  hour  per  horse  power  at 
full  speed  was  about  8  lbs. ,  and  the  mean  num 
ber  of  revolutions  of  propeller  105.  The  vessels 
are  entirely  of  steel,  with  the  exception  of  the 
beams  and  frames,  which  are  of  iron;  of  the 
decks  and  minor  fittings,  which  are  of  wood  ; 
and  of  the  prow,  stem,  stern-post,  and  after- 
part  of  the  keel,  which  are  solid  metal  castings 
of  great  weight,  the  prow  and  stern  being  each 
cast  in  one  piece  weighing  about  10  tons.  There 
is  a  steel  deck,  1£  in.  in  thickness,  over  the  en- 
gines, boilers  and  magazines,  and  at  about  3  ft. 
below  the  load  water-line.  Five  water-tight 
bulkheads  extend  from  the  keel  to  the  upper 
deck,  and  cofferdams  of  iron  bulkheads,  2  ft. 
asunder,  are  built  round  the  hatchways,  or 
openings  to  the  engines,  boilers,  and  magazines, 
for  the  purpose  of  keeping  out  shot  which  had 
passed  through  the  deck  or  side  of  the  vessel. 
The  hull  plating  is  of  steel,  and  T5F  in.  in  thick- 
ness, and  is  coated  with  two  thicknesses*  of 
wood,  3  in.  and  2  in.  respectively,  making  a 
total  wood  covering  of  5  in.  Over  this  copper 
sheets  are  nailed,  and  it  may  be  added  that  the 
fixed  metal  prow  of  each  vessel,  being  intended 
for  ramming  purposes,  is  made  extraordinarily 
strong  with  bulkheads,  girders,  and  the  like. 
To  all  intents  and  purposes  the  Canada  and  the 
Cordelia  will  be  companion  vessels  to  the  six 
corvettes  launched  from  the  yard  of  Messrs. 
Elder.  A  comparison  of  the  specifications 
shows  them  to  be  identical,  so  far  as  the  princi- 
pal dimensions  are  concerned,  and  in  the  minute 
details  no  fundamental  deviations  would  appear 
to  be  intended.  At  the  same  time,  some  particu- 
lars respecting  these  two  vessels  of  the  future 
cannot  but  possess  interest.  The' steel  vertical 
keel  is  to  be  formed  of  intercostal  plates  %m. 
thick,  single-riveted  to  a  continuous  longitudi- 
nal plate  22^  in.  deep  by  %  in.  thick.  The 
intercostal  portion  of  the  keel  is  to  have  a  sin- 
gle angle  bar  of  steel  on  the  outside  riveted  to 
it,  and  to  the  flat  keel  plate  with  %  in.  rivets, 
this  angle  bar  to  have  its  horizontal  flange 
worked  continuously,  but  its  vertical  flange 
intercostally  between  the  frames.  The  continu- 
ous longitudinal  plate  is  to  have  continuous 
double  angle  bars  of  steel  on  its  upper  edge. 
The  wood  keel  is  to  be  of  English  elm,  sided  14 
in.,  to  be  well  secured  to  the  flat  keel  plate  with 
copper  bolts,  clinched  on  metal  rings.  The 
false  keel  is  also  to  be  of  the  same  wood,  4  in. 
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in  thickness,  and  the  stem  is  to  be  formed  of  a 

strong  brass  casting,  to  extend  from  the  fore- 
castle to  the  forefoot,  where  it  is  to  Bcarpe  with 

the  wood  keel,  and  likewise  to  make  a  good 
Connection  with  the  flat  keel  plate.  It  i-  to  be 
rabbeted     to    receive    the   ends    o['    the    bottom 

plates  and  the  forehoqds  of  the  wood  sheathing, 

at  the  head  to  be  7^  in.  thick,  and  at  the  fore- 
foot  of   such  a  thickness  as   will    make   good 

rk  with  the  wood  keel,  and  to  be  of  sullicieiit 
molding  to  house  the  ends  of  the  bottom 
plates  and  wood  Bheathing.  The  rudder  is  to 
be  of  English  oak  or  teak,  sided  at  the  head  15 
in.,  at  the  upper  pintle  14  in.,  at  the  keel  lH 
in.,  and  at   the  center  of  the  screw  of  the  size 

aired  to  receive  the  feathering  shaft.  The 
after  body-post,  with  its  boss  and  flanges,  the 
fore  body-post,  with  its  flanges,  and  the  after 
piece  of  keel,  are  each  to  be  cast  in  one  piece, 
the  fore  body-post  to  be  sided  30  in.  at  the  keel. 
The  rudder  is  to  be- so  fitted  that  it  maybe 
Shipped  or  unshipped  afloat,  and  a  spare  rudder 

to  be  fitted  under  the  propeller  shaft.  The 
first  and  Becond  longitudinals  are  to  be  made  of 
intercostal  plates,  single  riveted  to  a  continu- 
ous longitudinal  plate,  like  the  steel  keel  ;  the 
third  longitudinal  by  the  bunker  bulkheads,  and 
the  fourth  are  to  be  of  intercostal  plates,  ex- 
tending 24  in.  within  frames,  so  as  to  be  riveted 
to  the  continuous  lougitudinal  angle  bars.  The 
continuous  plates  and  angle  bars  of  the  longi- 
tudinals are  to  be  wrought  to  the  greatest  length 
procurable,  and  the  first  and  second  longitudi- 
nals are  to  carry  their  full  depth  as  far  through 
the  length  of  the  engine-room,  magazines,  and 
boiler-rooms  as  is  practicable,  and  to  be  dimin- 
ished at  the  extremities.  The  transverse  frames 
are  to  stand  square  to  the  load  water-line  and  to 
be  3  ft.  6  in.  apart  from  center  to  center 
throughout  the  ship.  The  outside  plating  is  to 
be  of  steel,  worked,  excepting  on  the  top-side 
plating,  lap-jointed  throughout,  and  having 
Bolid  liners  where  required.  The  top-side  plat- 
ing is  to  be  flush  jointed,  and  the  plates  are  to 

in  lengths  of  14  ft.  and  upwards.  The  butts 
of  the  plates  are  to  be  as  nearly  as  possible  in 
the  middle  of  openings  of  the  frames,  and  there 
are  to  be  two  plates  between  th.e  butts,  placed 
vertically  over  each  other.  The  whole  of  the 
surface  bottom  is  to  be  sheathed  with  wood, 
worked  in  two  thicknesses,  the  inner  one  to  be 
3  in.  thick,  and  the  outer  one  2-i  in.,  both  thick- 
nesses to  be  worked  fore-and-aft,  breaking  joint, 
the  inner  thickness  to  be  fastened  with  iron 
screw  bolts,  spaced  and  carefully  secured 
through  the  skin  plating,  the  bolts  being  made 
thoroughly  watertight.  The  top-side  is  to  be 
covered  with  steel  plates  Taff  in.  thick,  worked 
vertically,  the  plates  to  be  3  ft.  9  in.  wide,  and 

•h  to  be  stiffened  by  a  single  steel  angle  bar 
worked  vertically  on  the  frame  sides  of  the 
plates;  the  top  sides  to  be  strengthened  in  the 
wake  of  the  boat's  davits,  cat-heads,  chain 
plates,  etc.  There  are  to  be  transverse  water- 
tight bulkheads  formed  of  steel  plates  and  angle 
bars  to  be  bounded  by  the  outside  plating  of 
the  bottom,  and  of  the  upper  and  lower  decks. 
There  will  be  a  shaft  passage  and  a  passage  be- 
tw  -.-n  the  engines  and  the  boilers,  and  they  are 
to  be  of  steel,  with  plates  i^  in.  thick,  except 
the  lowest  strakes  at  thij  fore-end  of  the  shaft 


passage,  and  the  lowest  Btrakes  of  the  passage  be 

tween  the  engines  and  the  boilers.  The  engine, 
boiler  and  shaft  bearers  are  to  be  of  steel,  and 
the  beams  of  the  poop  and  forecastle,  the  upper 
deck,  part  of  the  lower  deck,  and  the  platforms 
in  the  hold  are  to  be  of  solid  steel,  welded  or 
rolled.  Brown  «  Ilartield's  wrought  iron  cap- 
stans are  to  be  BUpplied  to  the  vessels,  which 
are  also  to  possess  live  Downton  pumps,  while 
a  Steel-rifle-proof  conning  tower  is  to  be  titled 
on  either  side  of  each  ship,  and  due  provision 
is  to  be  made  for  drainage,  pumping,  and  venti- 
lation arrangements.  The  Cordelia  and  the 
Canada  are  estimated  to  cost  rather  over  £160, 
000  each,  but  the  actual  expenditure  is  more 
likely  to  be  in  excess  of  £200,000.  The  rapidly 
increasing  use  of  steel  in  the  British  Navy, 
supplemented  by  its  extended  application  to 
genera]  purposes,  promise  an  auspicious  future 
for  manufacturers  of  this  metal;  but  it  is  yet 
more  than  hypothetical  whether  steel  will  ever 
entirely  supersede  iron,  which  is  on  all  hands 
acknowledged  to  possess  certain  peculiarities  # 
which  render  it  specially  suitable  for  certain 
kinds  of  work. 
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JP.J     of  Fluid  Motion.     Wave  and  Vortex 

Motion.     By  Thomas  Craig,  Ph.  D.,  Fellow- 

in  Physics  in  the  Johns  Hopkins  University. 

Science  Series,  No.  43.     New  York  :  D.  Van 

"Nostrand.     Price  50  cents. 

This  is  a  reprint  of  the  series  of  articles  lately 
published  in  this  Magazine,  and  which  have 
;  widely  attracted  the  attention  of  mathematical 
1  students.     It  is  quite  unusual  to  find,  so  heavy  a 
treatise  in  so  small  a  volume,  but  it  is  hoped 
|  that  engineering  students,  who  delight  in  analyt- 
ical investigations,  may  be  induced  to  regard 
i  with  favor  this  contribution  to  the  literature  of 
!  so  difficult  a  subject,  and  thereby  aid  in  advanc- 
ing this  department  of  scientific  writing. 

The  author's  preface  thus  explains  the  rela- 
tion of  this  little  book  to  former  treatises,  and 
to  a  more  extended  one  proposed  for  the 
future  : 

"The  subject  of  Hydrodynamics  embraces 
many  of  the  most  difficult  problems  in  the 
range  of  physical  research. 

"Although,  at  all  times  attracting  the  attention 
of  the  greatest  minds,  it  is  only  within  little 
over  a  century  past  that  much  real  progress  has 
been  made  in  the  solution  of  the  many  and 
complicated  cases  presented  by  the  ordinary 
phenomena  of  Fluid  Motion.  The  names  of 
Euler,  Lagrange  and  Laplace  in  the  last  century, 
and  of  Helmholtz,  Stokes,  Thomson,  Rayleigh 
and  Kirchhoff  in  this,  stand  out  preeminently 
as  those  that  have  done  the  most  to  advance  the 
theory  to  its  present  position.  The  object  of 
the  following  article  is  to  present  in  a  short 
space  the  more  important  points  in  the  Mathe- 
matical Theory  of  Fluid  Motion,  as  it  has  been 
developed  by  these  investigators.  It  is  a  want 
severely  felt  by  any  one  making  a  study  of  this 
subject,  that  there  exists  no  separate  and  com- 
plete treatise  on  Hydrodynamics. 

"It  is  a  fact,  I  think,  greatly  to  be  regretted* 
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that  the  men  who  do  the  most  for  the  real  ad- 
vancement of  science  so  seldom  present  to  the 
world  the  result  of  their  labors  and  extensive 
knowledge,  in  any  other  form  than  an  occa- 
sional memoir  in  a  scientific  journal,  or  in  a 
communication  to  a  learned,  society.  There 
are,  however,  notable  exceptions  to  this  general 
rule,  as  witness :  Maxwell's  treatise  on  Electri- 
city and  Magnetism  ;  Rayleigh  on  Sound,  Cay- 
ley's  Elliptic  Functions,  and  a  few  others.  If 
some  one  would  present  to  the  public  a  treatise 
on  Hydrodynamics,  of  the  scope  of  those  men- 
tioned on  other  subjects,  he  would  certainly  re- 
ceive the  gratitude  of  all  physical  students,  and 
confer  a  great  boon  upon  the  scientific  world." 

^ Thermodynamics.  By  Henry  T.  Eddy, 
C.  E. ;  Ph.  D. ,  University  of  Cincinnati. 
Science  Series.  New  York:  D.  Van  Nostrand. 
Price  50  cents. 

The  science  of  Thermodynamics  is  found  to 
have  so  many  applications  that  of  late  there  has 
been  quite  a  brisk  demand  for  a  compact  and 
clear  statement  of  its  laws,  and  more  particu- 
larly for  the  true  signification  of  the  laws  as 
rendered  by  preyious  writers. 

Compressed  Air  Motors,  Ice  Machines,  Pneu- 
matic Drills  and  Hot  Air  Engines,  have  failed 
everywhere  of  accomplishing  even  a  fair  degree 
of  success,  simply  through  a  want  of  knowledge 
of  this  science,  or  rather,  perhaps,  through 
ignorance  of  the  fact  that  thermodynamic  laws 
applied  to  these  machines  at  all. 

Prof.  Eddy  brings  unusual  skill  to  bear  upon 
the  labor  of  expounding  the  principles  which, 
although  treated  by  Rankine  and  Zeuner,  have 
been  found  to  be  too  difficult  for  the  average 
student. 

Ames'  Alphabets.     New  York:    Bicknell 
&  Comstock.     Price  $1.50. 

In  addition  to  an  unusual  number  of  letter 
designs,  there  is  a  collection  of  map  borders  and 
topographical  signs  for  the  use  of  map  draughts- 
men, also  monograms  for  the  use  of  designers. 

The  specimen  alphabets  are  beautifully 
printed  on  tinted  paper,  and  include  styles  of 
every  variety  of  elaborate  finish,  from  the  plain 
"marking"  letter  to  be  made  with  the  broad- 
pointed  pen  to  the  most  ornate  capitals  em- 
ployed by  the  designer  or  draughtsman. 

A  Descriptive  Treatise  on  Mathemati- 
cal Drawing  Instruments,  with 
Hints  upon  Drawing  and  Coloring.  By 
W.  Ford  Stanley.  Fifth  Edition.  London  : 
E.  &  F.  N.  Spon  and  W.  F.  Stanley.  1879. 
Price  $2.00. 

The  fact  that  this  is  the  fifth  edition  of  this 
book  is,  perhaps,  sufficient  indication  of  its 
value.  It  is  a  very  carefully  written  description 
of  all  the  instruments  necessary  for  making 
every  kind  of  mechanical  and  architectural 
drawing,  and  though  many  of  these  instruments 
are  of  a  simple  character,  there  are  some  of  a 
complex  nature,  the  use  of  which  could  not 
well  be  learned  without  a  clear  exposition,  such 
as  is  here  given.  The  author  does  not,  how- 
ever, confine  himself  to  a  description  of  the  in- 
strument, but  gives  much  useful  information  on 
the  construction  and  qualities  of  instruments, 
and  hints  for  guidance  in  making  a  judicious 
section  of  instruments  to  suit  special  require- 


ments. Points  which  would  not  be  noticed  by 
a  draughtsman  or  student  are  referred  to,  so 
that  he  learns  what  to  avoid  and  what  to  look 
for.  The  remarks  on  drawing  and  coloring 
have  secured  the  book  much  patronage  for  pre- 
ceding editions  ;  and  the  author  has  now  added 
to  these  some  further  hints  which  have  increased 
their  value.  The  high  character  of  the  instru- 
ments made  by  the  author,  with  many  recent 
improvements,  is  sufficiently  known  and  appre- 
ciated to  make  it  unnecessary  to  give  here  any 
description  of  them,  but  it  may  be  remarked 
that  the  present  edition  of  his  book  describes  a 
number  of  new  instruments  of  ingenious  and 
simple  design  for  producing  similar  and  oppo- 
site curved  forms,  for  copying  drawings,  and 
for  measuring  areas.  The  improvements  shown 
in  compasses  illustrate  the  great  advances  which 
have  been  made  during  the  past  few  years  in 
these,  the  most  used  of  all  the  instruments. 
With  these  there  is  not  any  excuse  for  making 
badly  executed  drawings.  The  arrangements 
adopted  for  keeping  the  lower  limbs  parallel  at 
different  distances  of  separation  are  simple  and 
effective,  and  this  alone  obviates  the  large  cen- 
ter holes  which  could  not  be  avoided  with  the 
old  instruments  except  by  the  use  of  center 
plates.  There  are  some  students  who  only  need 
to  have  the  best  instruments  placed  in  their 
hand  to  be  able  to  use  them  to  effect,  but  these 
are  few,  so  that  it  may  be  said  that  to  all 
students  learning  mechanical  or  architectural 
drawing  and  coloring  Mr.  Stanley's  book  forms 
a  necessary  guide. 

The  Telephone,  the  Microphone,  and> 
the  Phonograph.  By  Count  Th.  du 
Moncel.  C.  Kegan  Paul  &  Co.,  London.  1879. 
Price  $2.00. 

So  great  has  been  the  interest  excited  by  the 
discoveries  of  the  telephone  and  microphone, 
not  only  in  the  ranks  of  those  whose  lives  are 
wholly  devoted  to  scientific  pursuits,  but  in 
every  class  of  the  community  that  reads  at  all, 
creating  a  taste  f oi  more  knowledge  on  the  sub- 
ject, that  a  book  of  this  kind  should  be  accept- 
able to  many.  Count  du  Moncel  is  known  as 
one  of  the  most  copious  and  at  the  same  time 
one  of  the  most  painstaking  of  writers  on  elec- 
trical subjects.  His  works  have  become  classic 
in  France,  and  are  too  little  known  in  England. 
His  thorough  knowledge  of  electrical  subjects 
enables  him  to  present  his  information  in  a  very 
attractive  form  ;  and  it  may  be  taken  for 
granted  that  his  descriptive  writings  are  cor- 
rect descriptions  of  the  instruments  about  which 
he  is  writing.  There  are  differences  of  opinion 
as  to  questions  of  theory  even  among  the  most 
eminent  electricians,  and  this  must  necessarily 
be  so  till  the  whole  subject  is  understood. 

The  work  before  us  is  an  authorized  transla- 
tion from  the  French,  but  it  can  hardly  be  said 
to  be  an  exact  translation  of  the  original,  be- 
cause many  paragraphs  have  been  added  and. 
some  have  been  left  out,  in  accordance  with 
more  recent  information  that  was  obtainable 
when  the  original  was  written.  Commencing 
with  references  to  the  earliest  known  remarks 
made  as  to  the  transmission  of  sound  to  a  dis- 
tance, the  author  rapidly  carries  us  on  to  the 
time  when  such  ideas  were  experimentally  re- 
duced to  facts — to  the  time  of  Reiss,  of  Elisha 
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Gray,  of  Bell,  Bnghes,  and  Edison.  Th€  work 
of  these,  and  of  a  score  of  others,  is  explained, 
ami  the  position  of  each  in  the  long  roll  of  ex- 
perimentalists truly  indicated. 

MISCELLANEOUS. 

A  Tramway  fob  A-Dbianople. — A  letter 
from  Adrianople  says  thai  a  project  i-  OD 
fool  for  the  construction  of  a  tramway  from  the 
KaragatCD  Railway  Station  to  the  town.  The 
road  is  level,  and  the  only  difficulty  is  the 
Marit/.a.  the  existing  stone  bridge  over  which  is 
too  narrow  to  allow  room  for  a  tramway  line  OD 
it-  present  platform.  It  is  proposed,  therefore, 
to  turn  to  account  the  massive  stone  abutments 
which  project  on  the  upper  side  Of  the  bridge, 
and  to  build  a  platform  for  the  uamway  upon 
them. 

A  tarty  of  gentlemen  went  recently  to 
North  Woolwich,  for  the  purpose  of 
making  a  trial  trip  on  board  the  Castalia,  with 
Mr.  Alton's  patent  narrow-bladed  paddles.  The 

isel,   it  will   be  remembered,   plied   between 

Dover  ami  Calais,  and  damaged  herself  by  dash- 

into  the  Calais  Pier.     The  bottom  of  the 

9talia  was  very  foul,  as  she  has  been  lying  off 
Woolwich  about  seventeen  months.  The  ma- 
chinery had  not  been  worked  all  that  time. 
However,  notwithstanding  all  these  disadvant- 

s,  the  paddles  gave  good  results,  for  although 
the  steam  produced  was  not  capable  of  giving 
more  than  twenty -four  revolutions  per  minute, 
the  paddles  propelled  the  vessel  upwards  of 
nine  knots  an  hour.  This,  under  a  more  favor- 
able state  of  things,  could  no  doubt  be  in- 
creased. 

V^v  everal  entries  had  been  made  for  the  trial 
k^  of  steam  road  wagons  for  the  reward  of 
$10,000  offered  by  the  Wisconsin  Legislature, 
but  only  two  appeared  at  the  appointed  time, 
one  from  Oshkosh  and  one  from  Green  Bay. 
The  Green  Bay  wagon  broke  down,  and  after 
several  attempts  gave  up  the  contest,  being  dis- 
abled by  imperfections  in  the  machinery.  The 
Oshkosh  wagon  made  the  trip  from  Green  Bay. 
by  way  of  Beloit,  to  Madison,  201  miles,  at  an 
average  speed  of  6  miles  an  hour,  drawing  a 
heavy  load  over  all  the  grades  met.  In  their 
report  of  the  test  to  the  Governor,  however,  the 
Commissioners,  Messrs.  Marshall,  Olin  and 
•Smith,  after  giving  a  history  of  the  trip,  came 
to  the  following  conclusions  :  "  The  wragon  has 
hauled  loads,  ploughed  and  otherwise  accom- 
plished in  a  successful  manner  every  test  men- 
tioned in  the  law  or  suggested  by  the  commis- 
sion.- They  are  not.  however,  satisfied  that  this 
machine  is,  in  the  language  and  spirit  of  the 
law,  a  cheap  and  practical  substitute  for  the  use 
of  horses  and  other  animals  on  the  highways 
and  farms.  As  at  present  constructed,  it  is  un- 
questionably of  great  advantage  in  ploughing, 
thrashing,  and  hauling  heavy  machines  from 
one  farm  to  another;  for  heavy  teaming  on  the 
highway,  etc.,  but  the  commission  is  not  pre- 
pared to  say  that  a  machine  requiring  an  outlay 
of  $1,000,  with  a  daily  expenditure  of  from  $2 
to  $6,  is  a  cheap  or  practical  substitute  for  farm 
animals.  They  recommend  that  the  next  L< 
lature  make  a  suitable  award  for  payment  in 
perfecting  a  machine,  but,  under  all  circum- 


Btances,  cannol  make  the  award  of  $10,000 
offered  by  the  Legislature  of  two  years  ago." 
The  Oshkosh  wagon,  which  made  the  trip  suc- 
cessfully, weighs  4»800  Lbs.  light,  or  6,600  lbs. 

with  water  and  coal  for  an  eight  mile  run;  it 
hauled  a  wagOO  weighing  8,600  lbs.  loaded,  [tfl 
running  time  for  the  201  miles  was  ;;;)  hours, 
and  at  one  point  it  made  21  miles  in  2  hours  and 
10  minutes.  Its  speed  was  tried  on  the  Oshkosh 
racecourse,  where  it  made  a  mile  in  4  minute-, 
:;<i  seconds.  It  was  also  tried  at  Fort  Atkinson 
with  gang  ploughs  and  did  excellent  work. 

IN  his  twelfth  annual  report,  and  referring  to 
the  invariability  of  standards  of  bronze  or 
gun  metal.  Mr  Farrar,  the  Warden  of  the 
Standards,  notes  that  the  material  representa- 
tive of  the  Imperial  Standard  yard  is  a  bar  of 
gun-metal  known  as  Baily's  metal,  the  com- 
position of  which  (copper 32,  tin  5,  zinc  2),  was 
selected  by  the  Standards  Committee  of  1841, 
and  that  subsequent  experience  has  shown  that 
this  metal  is  well  adapted  for  its  particular  pur- 
pose. Some  recent  researches,  however,  appear 
to  showT  progressive  molecular  disturbances  in 
certain  gun-metal  compositions  which  might 
tend  to  affect  the  length  of  any  bars  constructed 
of  such  alloys.  With  the  view,  therefore,  of 
determining  whether  any  change  has  taken 
place  in  the  lengths  of  some  of  the  bars  con- 
structed by  the  committee  of  1843,  the  depart- 
ment has  been  glad  to  avail  itself  of  the  oppor- 
tunity of  forwarding  to  the  Ordnance  Survey 
Office  at  Southampton  some  standard  measures 
of  brass  and  bronze,  as  their  comparisons  there 
will  tend  to  throw  light  on  the  question  of  the  in- 
variability of  measures  made  of  such  alloys. 
There  has  also  been  forwarded  from  Washington 
the  United  States  bronze  Standard  No.  11,  con- 
structed under  the  direction  of  the  Standards 
Committee,  1841,  that  it  may  be  recorapared 
with  the  Imperial  Standard.  Important  ex- 
periments haying  been  made  under  the  direc- 
tions of  the  Admiralty  on  the  tenacity  of  gun- 
metal  compositions  at  high  temperatures,  the 
Department  has  been  able  to  submit  for  experi- 
ment some  bars  of  Baily's  metal  with  the  view 
of  ascertaining  what  loss  of  strength  and  duc- 
tility takes  place  in  this  metal  at  the  tempera- 
ture of  boiling  water.  The  expansion  of  Baily's 
metal  has  been  shown  by  M  Fizeau  to  be  from 
0  deg.  to   t  deg.    0=0000017972-00000000187 

140  deg  —  2  )•  Its  cubic  dilatation  will  there- 
fore be  :— A=000005227.  B =000000002662. 

At  the  June  meeting  of  the  Society  for  En- 
couraging National  Industry,  of  France, 
M.  Ilelouis  exhibited  samples  of  metallic  threads 
and  ribbons,  "  irisated  "  by  means  of  binoxide 
of  lead,  and  also  samples  of  lace  work  orna- 
mented with  them.  Nobili  was  the  first  to  ob- 
tain such  deposits  as  these  on  different  metals, 
by  electro-chemical  means.  He  immersed  a 
metallic  plate,  placed  in  communication  with 
the  positive  pole  of  a  battery,  in  a  solution  of 
acetate  of  lead,  for  example.  The  negative  pole 
was  fastened  to  a  platinum  wire,  surrounded, 
except  at  the  ends,  by  a  glass  tube;  this  tube 
dipping  into  the  liquid  in  such  a  way  that  the 
free  metallic  end  was  placed  at  a  distance  of 
from  one  to  two  millimeters  from  the  plate,  the 
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current  was  passed  through  it.  It  was  observed 
that  around  the  wire  there  were  formed  con- 
centric rings,  produced  by  delicate  films  of  bin- 
oxide  of  lead,  and  characterized  by  varied  and 
extremely  brilliant  colors,  like  those  exhibited 
by  soap  bubbles.  Becquerel  made  an  exhaust- 
ive study  of  this  phenomenon  in  1843.  By  sub- 
stituting for  acetate  of  lead  a  solution  of  oxide 
of  lead  in  potassa,  or  soda,  he  obtained  irid- 
escences that  were  much  more  solid,  and  by 
taking  a  certain  number  of  wires  as  negative 
poles  he  was  enabled  to  give  objects  of  small 
dimensions  uniform  colorations  of  such  tints  as 
he  wished.  For  certain  kinds  of  objects  his 
process  is  still  in  use  at  the  present  day.  But 
' '  irisation  "  has  never  before  been  attempted  on 
ribbons  or  wires  of  such  delicacy  as  to  measure 
on  an  average  32,800  ft.  in  length  to  the  pound. 
M.  Helouis  has  succeeded  in  giving  these  deli- 
cate threads  and  bands  uniform  tints  through- 
out their  whole  length,  and  in  producing  at  will 
any  color  that  he  desires. 

Speaking  of  the  vast — and  to  the  great  ex- 
tent avoidable — destruction  of  property 
by  fire  in  the  United  States,  the  Fireman  says 
that  fires  are  increasing,  both  in  numbers  and 
destructiveness,  far  more  rapidly  than  the  in- 
crease of  wealth  and  production.  It  is  com- 
puted that  from  an  annual  loss  by  fire  in  1868 
of  $35,000,000,  the  annual  loss,  exclusive  of  ex- 
ceptional fires  such  as  Boston  and  Chicago — if 
they  may  be  called  "exceptional" — has  in- 
creased to  $100,000,000.  The  full  significance 
of  this  statement  cannot  be  realized  unless 
analyzed.  This  loss,  is  the  irremediable  loss  of 
human  product  and  industry.  It  is  the  conver- 
sion of  human  blood,  brawn  and  muscle,  neces- 
sary to  create  £20,000,000  of  value  into  ashe 
and  smoke.  Assuming  the  labor  that  produced 
this  value  to  be  worth  $3  per  day,  this  loss  is 
the  loss  of  more  than  the  combined  labor  of 
100,000  men  for  one  entire  year.  Then,  too,  it 
must  be  remembered  that  this  is  surplus  pro- 
duction. It  has  been  accumulated  by  producers 
after  earning  livelihoods  for  themselves  and 
families,  and  paying  their  share  of  the  cost  of 
government  and  their  proportion  of  the  burdens 
of  society.  It  would  require,  then,  the  labor 
of  100,000  men  for  twenty  years  to  replace  by 
surplus  production  this  annual  loss.  It  is  not 
only  so  much  wealth  subtracted  from  the  re- 
sources of  the  country,  but  it  is  the  loss  of  the 
productive  power  of  so  much  capital. 

DIVISIBILITY  OF  THE  ELECTRIC  LlGHT. — 
We  understand  that  experiments  on  a 
large  scale  will  shortly  be  made  in  London  aDd 
some  of  the  leading  provincial  towns,  of  the 
electric  light  in  its  application  to  the  illumina- 
tion of  the  streets.  Some  experiments  have  al- 
ready been  made,  we  believe,  in  June  of  last 
year,  at  the  West  India  Docks,  under  the  super- 
intendence of  Mr.  Jablochkoff,  the  inventor  of 
the  electric  candle,  and  Mr.  Denayrouze,  who 
introduced  the  new  light  in  Paris.  Professor 
Liebig,  Mr.  Penn,  Professor  Abel,  from  the 
Royal  Laboratory  at  Woolwich,  Mr.  Adams, 
engineer  of  the  Great  Eastern,  Dr.  Ruboch, 
Major  de  Winton,  and  several  scientific  gentle- 
men were  present  at  these  experiments  at  Lime- 
house,  and  the  results  arrived  at  were  considered 
by  them  to  be  highly  satisfactory.  Since  that 
time  Mr.  P.  Jablochkolf  has  introduced  some 


considerable  improvements  in  the  system, 
which,  as  is  well  known,  is  the  property  of  a 
company  in  Paris,  formed  for  the  working  of 
the  Jablochkoff  apparatus.  The  Place  and  the 
Avenue  de  1' Opera  are  lighted  by  the  Jabloch- 
koff electric  candles,  which  we  have  admired 
in  the  Pavilion  of  Electricity  at  the  Paris  Exhi- 
bition. It  remains  now  to  introduce  this  sys- 
tem in  London,  Manchester,  Birmingham, 
Liverpool,  etc. ;  and  we  open  to-day  a  campaign 
in  favor  of  the  adoption  of  the  Jablochkoff 
light  in  preference  to  all  other  systems.  Dele- 
gates from  several  provincial  corporations  have 
been  sent  to  Paris  in  order  to  report  on  the  ad- 
vantages of  the  electric  light,  and  the  question 
has  also  been  discussed  in  some  meetings  of  gas 
companies.  But  these  gentlemen  did  not  go  to 
the  bottom  of  the  question,  and  have  had  only 
some  superficial  notions  of  the  results  obtained 
by  the  inventor;  and  it  is  not  generally  known 
what  are  the  actual  power,  qualities,  and  ad- 
vantages possessed  by  the  Jablochkoff  electric 
candle.  The  ordinary  questions  addressed  to 
M.  Jablochkoff  are  the  following  :  (1)  How 
many  electric  lights  can  be  supplied  by  a  Jab- 
lochkoff machine  ?  (2)  Given  that  with  that 
machine  a  certain  number  of  lights  is  produced, 
how  many  lights  will  be  produced  by  another 
machine  ?  (3)  Is  t  possible  to  have  all  the 
lights  equal  in  power  and  luminosity  ?  (4)  Is 
there  any  limit  to  the  divisibility  of  the  electric 
light  ?  To  these  questions  M.  Paul  Jablochkoff 
answers  as  follows,  in  the  most  categorical 
manner,  that  with  any  electric  machine  what- 
ever, by  means  of  his  new  apparatus,  the  "  am- 
plifier," he  not  only  distributes  through  a  single 
conductor  to  several  points  the  current  of  an. 
unic  source  of  electricity,  but  also  increases  it. 
Therefore,  a  light  can  be  obtained  which  may 
be  divided  and  distributed  as  easily  as  water 
and  gas  in  pipes.  M.  P  Jablochkoff  has  thus 
solved  the  problem  of  the  divisibility  of  the 
electric  light.  Further,  from  a  single  source  of 
electricity,  he  produces  at  will  lights  of  various 
power  and  strength,  from  the  vacillating  flame 
of  a  night-light  to  the  most  brilliant  sunlight. 
Besides,  M.  Jablochkoff  can  diminish  or  increase 
the  light,  so  that  he  reduces  the  most  powerful, 
light  to  the  slightest  luminous  point,  i.  e.,  to 
"the  blue,"  as  we  say  of  the  gas.  All  these 
new  apparatus  are  at  work  in  the  Pavilion  of 
the  Societe-Generale  d'Electricite — Jablochkoff 
patent— opposite  the  Ecole  Militaire  at  the 
(  hamp  de  Mars.  At  present,  in  the  works  of 
the  Societe-Generale  d'Electricite,  apparatus  is 
being  constructed  for  the  complete  introduction 
of  electric  light  instead  of  gas  in  the  theatre. of 
the  Chatelet  for  the  lighting  of  the  expiess 
trains  on  the  Kursk  Kieff  Railway,  as 
well  as  on  the  Kharkoff  Railway.  Another 
application  of  the  Jablochkoff  electric  light 
will,  no  doubt,  attract  the  attention  of  the  Lords 
of  the  Admiralty.  The  Russian  naval  authori- 
ties have  ordered  from  the  Jablochkoff  Com- 
pany some  apparatus  for  the  lighting  of  two 
men-of-war,  containing  sufficient  power  to  sup- 
ply the  officers'  cabins  and  all  the  other  lights 
of  the  ship;  but,  when  required,  these  lights 
can  be  concentrated  in  a  most  intense  form,  and 
thrown  to  an  enormous  distance  when  it  be- 
comes necessary  to  look  out  for  torpedo-boats, 
sunken  reefs,,  or  any  other  of  the  thousand  and 
one  dangers  that  exist  for  sailors.. 
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II. 


§21.  The  principle  of  these  machines 
is  the  same  as  that  of  the  kind  described 
in  the  last  chapter.  The  gas  is  com- 
pressed, then  deprived  of  its  heat,  and 
finally  caused  to  expand  in  such  a  man- 
ner as  to  lower  its  temperature.  Only 
in  this  instance  the  abstraction  of  the 
heat  which  follows  the  compression,  has 
the  effect  to  liquefy  the  gas,  and  it  is  the 
vaporization  of  the  resulting  liquid  which 
produces  the  lowering  of  the  tempera- 
ture. 

When  a  change  of  volume  of  a  satura- 
ted vapor  is  made  under  constant  press- 
ure, the  temperature  remains  constant. 
The  addition  or  subtraction  of  heat, 
which  produces  the  change  of  volume,  is 
represented  by  an  increase  or  a  diminu- 
tion of  the  quantity  of  liquid  mixed  with 
the  vapor. 

On  the  other  hand  when  vapors,  even 
if  saturated,  are  no  longer  in  contact 
with  their  liquids,  and  receive  an  addi- 
tion of  heat,  either  through  compression 
by  a  mechanical  force,  or  from  some  ex- 
ternal source  of  heat,  they  comport 
themselves  nearly  in  the  same  way  as  per- 
manent gases,  and  become  superheated. 

It  results  from  this  property,  that  refrig- 
erating machines,  using  a  liquefiable  gas 
will  afford  results  differing  according  to  the 
method  of  working,  and  depending  upon 
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the  state  of  the  gas,  whether  it  remains 
constantly  saturated,  or  is  superheated 
during  a  part  of  the  cycle  of  working. 

§  22.  We  will  suppose  first  that  the 
gas  is  constantly  saturated  and  will 
examine  the  conditions  to  be  fulfilled 
under  this  hypothesis,  and  the  results 
that  may  be  obtained. 

Employing  the  notation  of  the  preced- 
ing chapter  we  will  designate  by  m  the 
weight  of  the  gas  employed,  P2  and  T2, 
the  pressure  and  the  absolute  tempera- 
ture of  the  cooled  gas,  P,  and  T/,  the 
pressure  and  the  absolute  temperature 
in  the  condenser. 

The  pressures  P2  and  P,  are  deter- 
mined by  the  temperatures  T2  and  T  /; 
These  are  the  pressures  of  a  saturated 
vapor  at  these  temperatures,  and  are 
given  in  Regnault's  tables. 

The  temperature  of  the  condenser  is 
determined  beforehand  by  local  condi- 
tions. Depending  on  the  surface,  the 
interior  of  the  condenser  will  exceed  by 
5°  or  10°  the  temperature  of  the  water 
furnished  to  the  exterior.  This  latter 
will  vary  from  11°  or  12°  C  the  tempera- 
ture of  water  from  considerable  depth 
below  the  surface,  to  30°  or  35°,  the 
temperature  of  surface  water  in  hot 
climates.  The  volatile  liquid  employed 
in  the  machine  ought  not  at  this  temper- 
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ature  to  have  a  tension  above  that  which 
can  be  readily  managed  by  the  appa- 
ratus. 

On  the  other  hand  if  the  tension  of 
the  gas  at  the  minimum  temperature  is 
too  low,  it  becomes  necessary  to  give  to 
the  compression  cylinder  large  dimen- 
sions, in  order  that  the  weight  of  vapor 
afforded  by  a  single  stroke  of  the  piston 
shall  be  sufficient  to  produce  a  notably 
useful  effect. 

These  two  conditions,  to  which  may 
be  added  others ;  such  as  those  depend- 
ing on  the  greater  or  less  facility  of 
obtaining  the  liquid,  upon  the  dangers 
incurred  in  its  use  either  from  its  inflam- 
mability or  unhealthfulness,  and  finally 
upon  its  action  upon  the  metals,  limit 
the  choice  to  a  small  number  of  sub- 
stances. 

The  gases  or  vapors  in  use,  are; 
Sulphuric  Ether,  Sulphurous  Oxide,  Am 
monia  and  Methylic  Ether. 

The  following  table  derived  from 
Eegnault  exhibits  the  tensions  of  the 
vapors  of  these  four,  substances  at  differ- 
ent temperatures  between— 30°  and  -f  40°. 
The  original  tables  expressed  the  ten- 
sions in  millimeters  of*  mercury.  To 
facilitate  computation,  the  tensions  are 
here  given  in  kilograms  per  square 
meter. 


Tempera- 

Sulpuric 

Sulphur 

A  "mmnnin 

Methylic 

ture. 

Ether. 

Dioxide. 

XjLJ-1-I  1 1  \.\J\\\.Ob* 

Ether. 

o 

—40 

7.187 

—35 

— 

— 

9.302 

— 

—30 

— 

3.908 

11.918 

7.837 

—25 

— 

5.082 

15.120 

9.736 

—20 

917 

6.519 

19.003 

11.992 

—15 

1.194 

8.265 

23.669 

14.652 

—10 

1.541 

10.366 

29.225 

17.765 

—  5 

1.968 

12.874 

35.797 

21.380 

0 

2.493 

15.840 

43.475 

25.547 

+  5 

3.129 

19.322 

52.405 

30.318 

+10 

3.894 

23.378 

62.707 

35.743 

+15 

4.808 

28.074 

74.504 

41.873 

+20 

5.891 

33.474 

87.925 

48.755 

+25 

7.164 

39.645 

103.073 

56.437 

+30 

8.651 

46.659 

120.083 

64.961 

+35 

10.377 

54.585 

129.054 

— 

+40 

12.367 

63.496 

160.112 

- ™~ ■ 

An  inspection  of  the  table  shows  at 
once  that  the  use  of  ether  does  not 
readily  lead  to  the  production  of  low 
temperatures  because  its  pressure  be- 
comes then  very  feeble. 


The  ether  machine  is,  however,  aban- 
doned. Ammonia  on  the  contrary  is  well 
adapted  to  the  production  of  low  temper- 
atures ;  but  its  elastic  force  is  very  great 
at  temperatures  from  15°  to  30°  which 
are  readily  produced  in  the  condenser. 
It  is  not  a  good  aid  to  the  transformation 
of  mechanical  force  into  heat,  on  account  of 
the  difficulty  of  maintaining  tight  joints 
in  the  apparatus,  and  of  the  influence  of 
waste  spaces  at  the  high  pressures. 
Methylic  ether  yields  low  temperatures 
without  attaining  too  great  pressures  at 
the  temperature  of  the  condenser. 
Finally,  sulphur  dioxide  readily  affords 
temperatures  of— 10°  to  — 15°  while  its 
pressure  is  only  3  to  4  atmospheres  at 
the  ordinary  temperature  of  the  con- 
denser. These  two  latter  substances 
then  lend  themselves  conveniently  for 
the  production  of  cold  by  means  of 
mechanical  force. 

§  23.  Let  c  be  the  specific  heat  of  the 
liquid  employed. 
q  the  quantity  of  heat  neces- 
sary to  raise  1  kilogram 
of  the  liquid  from  0°  to 
T°-273°. 

q=c(T-273) 

A,  r,  p,  the  total  heat,  the  heat  of  vapor- 
ization, and  the  latent  heat  of  the 
vapor  considered  at  the  temperature 
T°-273. 

it,  the  increase  of  volume  of  one  kilo- 
gram of  liquid  vaporizing  at  T°— 273°. 

We  have  by  definition 

A=zr  +  q 
p—r—AFtc. 

We  will  apply  indices  to  these  quanti- 
ties similar  to  those  which  affect  the  let- 
ter T  in  designating  the  different  abso- 
lute temperatures. 

In  order  that  the  vapor  be  constantly 
saturated,  it  is  necessary  that  the  quanti- 
ties of  liquid  and  of  vapor  taken  into  the 
compressor  at  once  be  such  that  at  the 
end  of  the  compression  all  the  liquid 
shall  be  vaporized  and  the  vapor  shall 
not  be  superheated. 

If  we  let  x\,  represent  the  proportion 
of  vapor  contained  in  the  mixture  at  the 
commencement  of  the  inflow,  the"  work 
of  compression  will  be  equal  to  the  dif- 
ference in  the  amount  of  internal  heat  of 
the  mixture  at  the  beginning  and  end  of 
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the     compression,    that    is    to    say     to 

Myl'-'Y,  +  P1'--',,'P,)- 

The  work  of  the  inflow  into  the  eon- 
denser  will  be  P,  Yt.  calling  V,'  the  vol- 
ume occupied  by  a  weight  m  of  the 
vapor  at  the  end  of  the  compression. 
and  the  work  of  the  back  pressure  will 
be  Pa  Va,  V2  being  the  volume  occupied 
by  the  weight  mxj  of  vapor. 

We  have  also 


and 


Vt=fnsc'Jw 


0,001\ 

-) 


6 


0,001\ 


(75) 


6  being  the  density  of  the  liquid  sup- 
posed constant. 

We  may  neglect  the  fraction  which  is 
very  small,  and  write 

V9=mx\uii 

from  which  we  may  get 

?iir\  =  mp'l  +  A.~PiV'1 
and  in  r%  —  ??ip2  +  AP2  Va. 

The  total  work  of  the  compression 
including  the  outflow  is 

£\Yr=m(qf-cA  +  /-x\r2).     (76) 

As  the  compression  follows  an  adia- 
batic  curve,  the  quantities  q\,  q2,  r\,  ra, 
T'j  and  T.,  bear  the  following  relation: 


T, 


T\ 


or  more  simply 
r 


7T'       x'r 

TV      T.        T. 


ure  P3  and  the  temperature  Ta  of  the 
refrigerant.  At  the  end  of  the  expan- 
sion, the  weight  of  vapor  in  the  mixture 
is  mxt. 

The    work,     including    the     counter- 
pressure,  and   neglecting   the   work    of 

introducing  the  liquid,  px '  '    ,  which 

is  very  small,  is; 

AW^mlf',-?,-^.',).  (79) 

and  the  equation  of  the  adiabatic  curve 
is 


(77) 

'2  ~2 

Equation  (77)  will  give  the  quantity 
x\.  Consequently  equation  (75)  fur- 
nishes, when  we  know  m  the  volume  V2 
that  the  piston  should  describe  during 
the  aspiration  in  order  that  all  the  liquid 
should  be  vaporized  at  the  end  of  the 
compression ;  or,  inversely,  the  weight  m 
may  be  found  if  V,  be  given. 

The  vapor  flows  into  the  condenser 
where  it  is  liquefied. 

The  heat  absorbed  by  the  water  of  the 
condenser  is 

(Z=mr\  (78) 

The  liquid,  then  passes  into  the  ex- 
pansion cylinder  where  it  is  vaporized, 
producing  work  till  it  attains  the  press- 


T.  ~H  T. 


(80) 


which  determines  x\. 

The  quantity  of  heat  Q  necessary  to 
bring  the  mixture  whose  weight  is 
m(l—x2)  of  liquid  and  mcca  of  vapor  to 
its  primitive  condition,  in  which  m(l-xf  ) 
is  the  weight  of  the  liquid  and  mx\  is 
the  weight  of  the  vapor,  is, 

Q,=m(x\— xa)r, 

or  by  reason  of  equations  (76)  and  (79) 


Q=  J1  rnr' 


(81) 


The  work  expended  is  Wr  —~Wm  and  we 
have 

A(Wr-Wm)=^[^/1-«-^>J=Q1-Q. 

(82) 

The    theoretic     performance    of     the 
machine  is 


Q 


AQ 


A. 


T, 


rjv         m 


(83). 


Wr-Wm      Q-Q 

a  result  already  found  in  section  3,  and 
which  is  identical  with  that  at  which  we 
arrived  in  the  case  of  permanent  or  non- 
liquefiable  gases. 

§  24.  We  will  now  take  a  numerical 
example,  and  consider  the  dimensions  of 
the  cylinders  to  be  so  regulated  that  a 
final  temperature  of— 15°  is  obtained,  the 
temperature  of  the  condenser  being 
+  18°,  and  the  volume  of  gas  taken  into 
the  compressor  at  each  stroke,  V2  =  one 
cubic  meter. 

The  resolution  of  the  above  equa- 
tions supposes  a  knowledge  of  the 
values  of  r,  q,  c  and  k,  or  AP^.  They 
have  been  detemiined  directly  by  Reg- 
nault  for  sulphuric  ether,  but  not  for 
sulphur  dioxide,  ammonia  and  methylic 
ether.  Availing  ourselves  of  the  experi- 
ments of  Regnault  upon  the  compressi- 
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bility  of  gases,  we  have  been  able  to 
determine  these  quantities  for  sulphur 
dioxide  and  ammonia  and  prepare  tables 
giving  results  for  every  five  degrees  from 
-30°  to +  40°. 

The  method  of  calculation  of  these 
tables  will  be  found  in  a  note  at  the  end 
of  this  essay. 

For  sulphur  dioxide  we  find, 
*2=-15orTa=258    *'1=+18orT9=291 
r=    95.015  r'=    87.23 

AP2w2±=  7.932  APyi=8.568 

q  =  -5.4615  ^  =  6.554 

u2=    0.419  2^=0.1165 

The  table  of  §  22  gives  P2=8265  and 
Px =31170. 

Making  the  calculations  indicated  by 
the  equations  (77).  and  (80)  we  find 

a;'2  =  93.29  per  cent. 

x2  =11.90  per  cent. 
Equation  (75)  gives 

m=2.554  kilograms. 
Equations  (76)  and  (79)  give 

AWr=27.08  whence  Wr=11.482  k'g'm. 

AWm=  1.82  whence  W™=     772  k'g'm. 

Finally  equations  (78)  and  (81)  give 

Qx=222.77 
Q  =197.56 

Thus  the  volume  described  by  the 
piston  of  the  compression  cylinder  being 
one  cubic  meter,.  2^,554  of  sulphur  diox- 
ide working  between  —15°  and  +  18° 
produce  197.50  negative  calories.  To 
effect  this  it  is  necessary  to  introduce 
into  the  compressor  cylinder  at  each 
stroke  a  mixture  of  liquid  and  gas  of 
which  the  proportion  should  be  93.29 
per  cent,  of  gas  and  6.71  per  cent,  of 
liquid. 

We  have  for  ammonia 


*2=-15° 
P2  =    23669 
r=    322.53 
AP,m=    28.604 
u=     0.512 
q  =  -14.68 

*'1=+18° 
P'1=  82183 
r\  =  301.70 
APy2  =  31.431 
u\  =  0.1621 
q\  =  18.696 

and  we  deduce : 

for         *=— 15          and 
P2=1194  kilog. 
r=  94963, 
AP2w2=7,014,               AI 

£=+18, 
P1  =  5456, 
^  =  92,302, 
>, =7,516, 

The  mean  specific  heat  of  the  liquid  at 
0°,  c=1.0058. 

u=  2,491, 

22=_7.868, 

&  =  9,618, 

By   means  of 
find 

these  given   values   we 

and  we  have         6- 

=0,736. 

c=0,5299, 

Wr  =32,457  k'g'm 
Wm=  l,917k'g'm 


a?'2  =  92.62  per  cent 

x\=  9.68  per  cent. 

m=  2*  .1034 
AWr  =  76.55 
AWm=     4.52 

Q1=634.59 

Q  =562.56 

2^.1034  of  ammonia  working  between 
the  same  limits  of  +18°  and  —1°  and 
with  the  same  dimensions  of  compressor 
cylinder  as  before  furnish  562.56  nega- 
tive calories  per  hour. 

We  will  now  consider  ether.  The 
vapor  of  ether,  unlike  steam,  superheats 
during  expansion  and  condenses  during 
compression.  An  ether  machine  ought, 
therefore,  to  work  so  that  only  vapor  is 
introduced  into  the  compressor  cylinder, 
and  not  a  mixture  of  liquid  and  vapor. 
At  the  end  of  the  compression  a  part  of 
the  vapor  becomes  condensed. 

We  shall  then  have  x'2=l  and  the 
equations  above  found  become: 

,   /         0,001\ 


V' 


■nix 


V' 


/        0,001\ 


x  xr 


2j 
T„ 

.cl 


c.l 


T„ 


T' 


T  T    ' 

Qi=mx\r/y      . 

Q  =m(l— <c>2, 
AWr  =^{q\-q2-\-x\r'  -r2\ 
&Wm=m(q'1—qi—x2ri). 

The  empirical  formulas  established  by 
Regnault  for  the  vapor  of  ether  are : 

r=94,00-0,0790*-0,0008514*2, 
AVu  =  7,46  +  0, 02747*-  0,001354** , 
2=0,52901*  +  0,0002959*2. 
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Performing  the  calculations  indicated, 
we  find, 

b,=17.35, 

=100, 

=95.64, 
m=0.401, 

Q=31°.38, 
AWr  =4.14, 
AWm=0.42, 


W,  = 1882*5" 
Wm=178kBm. 


The  same  machine  working  between 
—  15°  and  +  18c,  will  give  per  cubic 
meter  of — 

Ammonia 562.56  negative  calories. 

Sulphur  dioxide.  197.56 
Sulphuric  ether.    31.38  " 

The  efficiency  would  be  0C,0181  per 
kilogrammeter. 

Jo.  We  remark  here  that  the  positive 


work  Ww  is  always  small  compared  with 
the  negative  work  Wr. 

"NVe  can  then  without  great  loss  of 
power  simplify  the  machine  by  BUppi 
mg  the  expansion  cylinder  and  replacing 
it  by  a  sini])le  cock  so  regulated  as  to  de- 
liver into  the  cooler  a  quantity  of  liquid 
precisely  equal  to  the  amount  admitted 
to  the  compressor  to  obtain  the  determ- 
ined cooling  effect. 

The  cycle  of  operations  is  not  revers- 

Q  Q 


ible.     We  shall  have 


the  proportion 
T. 


Q 


Q-Q 


AW,  -Q-Q'  but 

will  be  less  than 


^ — — ,  and  the  efficiency  would  be  less. 

1  2 

This  manner  of  working  is  represented 
in  the  diagram,  Fig.  1,  by  replacing  the 
adiabatic  line  Y\ V,  by  the  two  right 
lines  V,1V,//a  and  V'"2V"2  situated  to  the 
right  of  the  point  Va.     The  quantity  Q 


proportioned  to  V"2V0  is  less  than  the 
quantity  Q  of  the  preceding  case  which 
was  proportioned  to  V2'V0,  and  the  quan- 
tity Qj  — Q  will  be  augmented  by  a  quan- 
tity proportional  to  the  area  V^V'^V,. 

The  equations  (76),  (77)  and  (78)  re- 
main unchanged. 

The  weight  m  of  the  liquid  under  the 
pressure  Pi  and  the  temperature  T\ 
passing  suddenly  into  the  refrigerator, 
a  part  of  the  liquid  is  vaporized;  the 
temperature  of  the  mixture  becomes  T2 
and  the  pressure  P2.  The  quantity  x2  of 
liquid,  which  is  vaporized,  is  given  by 
the  equation 

™(&-^,+s,Pj+APaV'a--A(P-Pa)  ' 

0.001.r/i_0 

6  ' 

which  shows  that  the  variation  of  inter- 


nal heat  m(q2—q\+x2p2)  is  equal  to  the 
exterior  work  accomplished ; 

-AP.V'.+ACP-P,)0-^, 

V'a  being  the  volume  occupied  by  the 
weight  mx2  of  vapor  after  the  passage  of 
the  mixture  into  the  refrigerant. 

XTT     T  T7,  /  0001\ 

He  have  V '  2—mx2  lwaH ^ — ). 

If  we  neglect  the  very  small  quantity 
Ap  0.001m 

the  preceding  equation  becomes  : 

*■?=<!' -CU  (84) 

The  quantity  Q  is.  again  given  by  the 
equation 

Q=m(x\— aj9)rs 
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or  by  reason  of  eq.  (76) 

Q=mr'1-AWr  =  Q,-AWr 

from  whence  the  performance 

w;  =  aqFq  (85) 

The  efficiency  -will  be  less.  It  is  easy 
to  show  that  the  value  of  x2  given  by 
eq.  (84)  is  always  greater  than  that  given 
by  eq.  (80).  Consequently  the  value  of 
Q  will  be  less  in  the  second  case  than  in 

the  first,  and  the  ratio  — — -^-will  also  be 

less. 

In  applying  equations  (84)  and  (85)  to 
the  same  cases  as  those  of  §  24,  we  find 
for  sulphur  dioxide 

x2  =  12.64  per  cent. 
Q=195.7l 

and  the  performance =0.c  01 70  per  kilo- 
grammeter.     For  ammonia : 

x^=z  10.35  per  cent. 
Q=558.11 
and  the  efficiency  0.c0172. 
Finally  for  sulphuric  etfeer 

x2= 18.46  per  cent. 
Q=30.96 

efficiency = Of  0164 

§  26.  In  order  to  realize,  either  the 
cycle  of  Carnot  or  the  non-reversible  cycle 
indicated  above,  it  is  necessary,  when  we 
employ  a  liquefiable  gas  which  superheats 
under  compression,  to  introduce  into  the 
compressor  cylinder  at  each  aspiration,  a 
mixture  of  liquid  and  vapor  in  such  pro- 
portions that  it  shall  all  be  in  the  state  of 
gas  at  the  end  of  the  compression. 

We  can  devise  no  practical  means  of 
realizing  this  condition.  So  we  content 
ourselves  when  employing  freezing  ma- 
chines that  use  a  liquefiable  gas,  with 
introducing  into  the  compressor  the  gas 
without  any  mixture  of  liquid.  It  hap- 
pens then  with  sulphur  dioxide  and  am- 
monia that  the  gas  superheats  during  com- 
pression, and  therefore  that  during  a  part 
of  the  operation  the  machine  acts  like  the 
air  machine. 

It  is  clear  that  under  these  conditions 
we  augment  the  range  of  temperature 
between  T3  of  the  gas  arriving  in  the  con- 
denser, and  T2  of  the   refrigerant,  and 


consequently  of  the  useful  effect  of  the 
apparatus. 

Referring  again  to  Fig.  1  we  see  that 
we  start  with  a  volume  vQ  greater  than  V0 
of  the  preceding  case,  compress  the  vapor 
to  the  volume  v1  following  the  adiabatic 
curve  v0v,*of  the  superheated  gas;  cool 
it  from  the  temperature  Tx  to  the  temper- 
ature T/  corresponding  to  its  liquefaction 
under  the  pressure  Pr  It  is  then  passed 
into  the  refrigerant  either  producing  work 
and  describing  the  adiabatic  curve  V3V2 
or  by  means  of  a  cock  by  which  means  it 
describes  the  lines  V/V2'"  and  Va"'Ya", 

The  quantity  of  negative  heat  gained 
by  superheating  is  represented  by  the 
length  V0u0  and  the  increase  of  resistant 
work  by  the  area  VqV^,^. 

Tracing  from  the  point  v0  the  adiabatic 
curve  of  the  saturated  vapor,  the  point 
v/  will  be  to  the  left  of  vv 

If  the  compressed  vapor  follows  the 

Q' 

adiabatic  vQv/,  the  performance  -^ — -^ 

Q 

will  be  equal  to  the  performance  -^- -=- 

of  the  cycle  V0VtV/V2. 

But  as  the  compression  follows  the 
line  vi)v1  we  see  that  for  the  same  quan- 
tity Q'  of  obtainable  negative  heat,  the 
quantity  Q1— Q  would  be  greater  than  a 
quantity  proportional  to  the  area  v0vv\. 

We  can  say,  then,  that  a  priori,  the 
theoretic  efficiency  of  freezing  machines 
working  so  as  to  superheat  the  gas  is 
less  than  that  of  machines  that  work 
without  superheating.  - 

The  difference  is  small  as  we  shall  see 
later. 

§  27.  We  will  now  examine  the  condi 
tions  of  working  of  a  machine,  under  the 
supposition  that  we  introduce  into  the 
cylinder  during  aspiration  only  gas,  and 
in  such  condition  as  to  superheat  during 
compression. 

A  certain  volume  V2  of  gas  under 
pressure  P2  and  temperature  T2,  it  is  re- 
quired to  find  its  volume  V,  and  its  tem- 
perature Tx  when  it  shall  have  attained 
the  pressure  Pj  of  the  condenser. 

If  liquefiable  gases  behaved  as  do  per- 
manent gases,  it  would  suffice  to  use  the 
equations  (1)  to  (6),  which  were  estab- 
lished in  §  10  for  the  compression  of  air. 

But  the  researches  of  Regnault  on  the 
compressibility  of  gases,  have  established 
the  fact  that  when  near  the  liquefying 
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point  these  bodies  are  far  from  following 
the  laws  of  Mariotte  and  Gay  LuBsac 
upon  which  the  formulas  which  we  have 
used  were  founded 

Zeuner  has  given  (Tlu'orie  Mecanique 
de  la  Chaleur)  the  result  of  his  researches 
upon  superheated  steam. 

He  found  the  following  relation  to  ex- 
ist between  the  pressure  P,  the  volume 
of  the  unit  of  weight  (specific  volume) 
'\  and  the  absolute  temperature  T, 


Pr=BT-CP» 


(86) 


in  which  C  and  n  are  constants  to  be  de- 
termined by  experiment 


B: 


CpW 


(87) 

eing  the  specific  heat  of  the  vapor 
under  constant  pressure,  which  is  con- 
stant according  to  Regnault. 

If  we  make  *=$,'  B  =  50.933  and 
C  =  192.50,  we  find  that  this  formula  fur- 
nishes for  the  sj^ecific  volume  of  steam, 
numbers  which  agree  remarkably  well 
with  the  results  of  experiment. 

Zeuner  does  not  offer  this  relation  as 
rigorously  exact,  but  as  giving  much 
better  results  than  the  formula, 

Py=RT  which  applies  to  permanent 
gases. 

Liquefiable  gases  being  nothing  but 
superheated  vapors,  we  will  employ  equa- 
tion (84)  established  for  superheated 
steam,  but  will  determine  the  constants 
in  each  case  employing  the  results  of 
Regnault's  experiments  upon  the  dilata- 
tion and  compression  of  gases. 

If  we  call  a  the  coefficient  of  dilatation 
of  the  gas  under  atmospheric  pressure, 
it  is  easy  to  see  that  eq.  (86)  gives : 


a  = 


3--^,  10.334* 

Jo 

and      10.334y0  =  273B-C  .  10334",    (88) 
whence  10.334v0a=B.  (89)  I 

an  equation  which  gives  B  when  we  know  ! 
the  coefficient  of  dilatation  and  specific 
volume  v0  at  0Q  and  atmospheric  pressure. 
If  the  relation  (87)  were  exact,  it  would 
suffiice  with  equations  (88)  and  (89)  for  j 
determining  B,  C  and  n.     But  the  nuni- ! 
bers  thus  obtained  do  not  coincide,  at  least 
in  the  case  of  sulphur  dioxide  and  am- 
monia with  the  results  obtained  by  Reg- 
nault.    Instead  therefore  of  using  equa- 


tion (87)  we  will  determine  n  by  one  of 
the  results  found  by  Regnault  for  the 
product  PV. 

Regnault  gives  values  of  PV  for  tem- 
peratures of  1.7°  for  sulphur  dioxide,  for 
8.1°  for  ammonia  and  for  pressures  vary- 
ing from  600  to  1200  and  1400  millimeters 
of  mercury.  We  can  deduce  from  these 
tables  the  volume  Vu  at  0°  and  under  press- 
ure of  760  millimeters,  and  then  calculate 
the  weight  m  of  the  gas  required  in  our 
examples.     We  then  have 

T?Y=mBT-mCPn  (90) 

which  combined  with  equation  (89)  will 
furnish  C  and  n. 
For  sulphur  dioxide 

a=0.0039028;  y0  =  0.3442 

For    P=16.345ksm-   and    T  =  274.7. 


Regnault  found, 
PV 


=  3526.16 


m 


We  deduce 


B  =  13.882 
C  =  3.8455 
>i=0,44487 


Introducing  these  constants  into  equa- 
tion (86)  we  can  obtain  for  Pv  values 
which  coincide  in  a  satisfactory  manner 
with  Regnault's  results. 

These  values  are  slightly  less  than  Reg- 
nault's for  pressures  between  10.334  kg. 
and  16.345  kg.,  and  a  little  larger  for 
pressures  lying  beyond  these  limits  on 
either  side. 

For  ammonia  we  unfortunately  do  not 
know  the  coefficient  of  dilatation ;  it  was 
not  determined  by  Regnault.  As  this 
gas  is  near  its  liquefying  point  at  0°  we 
will  assume  it  coefficient  to  be  about  the 
same  as  that  sulphur  dioxide  and  cyano- 
gen, which  is  0.0039.  In  the  absence  of 
exact  values  determined  by  experiment  it 
is  clear  that  results  obtained  under  the 
above  assumption  can  be  regarded  as 
approximative  only. 

We  have  ?j0=1.2977  and  Regnault's 
tables  give : 

—  =13596  for  T  =  281.1°  and  P=19515 

'"  kgm. 

We  then  deduce 

B  =  52.4943,      C=43.7144,      ?i=0.32685, 

§  28.  It  remains  now  to  find  the  equation 
of  the  adiabatic  curve  of  a  superheated 
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vapor,  of  which  the  pressure,  the  specific 
volume  and  the  temperature  are  related 
as  follows : 

pv=BT-Cpn. 

The  fundamental  equation  of  the  me- 
chanical theory  of  heat  is,  calling  Q  the 
quantity  of  heat  furnished  to  a  body,  U 
its  internal  work,  and  supposing  the  ex- 
ternal pressure  is  always  equal  to  the 
expansive  force : 

dQ)=A(dJJ+pdv), 

and  as  U  is  a  function  of  p  and  v,  we 


have 


AVldp+(™.+p)dv  ]■ 


Assuming 
we  have 


UP 
dV 


\  do 
dV 


dp  dv 


dQ=A(X.dp+Ydv) 
dQ=A.T(~dp  +  ^dv) 

and  since  dV  is  an  exact  differential, 


(91) 


or 


d]L_dY_1 

dv  ~  dp 


•  1 


We  know  that  the  factor  ^-is  the  fac- 
tor of  integrability  of  the  function  ~X.dp 
-\-Ydv ;  and  we  deduce 


dp     dv 


(92) 


We  also  have  in  virtue  of  equation 
(86), 

dt     v     nCj?n—1 

dp=B+      B 
dt      p 
and  Tv=B- 

If  we  suppose  that  the  pressure  remain 
constant,  dp=0,  and  eq.  (91)  gives 

dQp=AYdv. 

But,  dQ,p=cpdt,  calling  cp  the  specific 
heat  at  constant  pressure,  which  we  sup- 
pose constant  and  which  is  known.  We 
have  then : 

c1LM_c]Lp 

Adv~A  B 
and  from  eq.  (92), 


X=- 

and  finally, 


BT 
P 


+  T&.(»  +  wCp«-1) 


dQ=A 
■£jft(pdv  +  vdp>)-vdp  +  n^jL-Acpn-idp  I 

(93) 

For  the  equation  of  an  adiabatic  curve, 
it  is  necessary  to  make  dQ=0.  We  have 
then  : 

(^-1)dpv  +pdv+ Gb-1)c^1*=0- 

(94) 

Introducing  the  value  of  T  from  equa- 
tion (86),  it  becomes. 

cv      dt    dp        ,  .  ..         c„  ,„,     , 

&B-?=y  and  integrating  ^T=§> 


+  const. 


or  finally 


an  equation  analogous  to  equation   (4) 
which  we  found  for  air. 

Replacing  T  by  this  value  in  equation 
(86)  we  get  finally  for  the  equation  of  the 
adiabatic  curve 

AB 


pv 


AB 


CP1 


(96) 


If  —  be  equal  to  n,  as  Zeuner  admits, 
cp 

for  superheated  steam,  this  equation  be- 
comes pvjc=&  constant,  and  it  is  similar 
to  that  which  represents  the  adiabatic 
curve  of  the  permanent  gases. 

Eq.   (94)  gives  the  work  of  compres- 
sion 

pdv=-dw(l-j^dpv  +  (l-^|)  Cp^dp 
whence 

w=(s-1)^-^)+(^-i) 

C{pn-lA)  (97) 
or  again 


w=(J^-1)B(TT.)+c(1-3(p"-K) 


and 


(98) 


T  \AB 


W=(aV)b(t-t0)+c^J(^-i; 

(99) 

§  29.  We  can  now  establish  the  equa- 
tions relating  to  the  compression  of  a 
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liquefiable  gas  in  a  oylinder.  A  weight 
m  of  gas  occupying  the  volume  V,  at  the 
temperature  T2,  and  under  the  pressure' 
1  -  compressed  until  the  pressure  is  P 
of  the  condenser.  The  temperature  T, 
at  the  end  of  the  compression  will  be 
given  by  the  equation  (95). 


■.=*.© 


AB 


(100) 


and  the  work  of  compression  including 
the  flowing  of  the  the  gas  is 

C(P»-P;) 


mct 


W,     ^(T.-TJ-^' 


hi  is  given  by  the  equation 

P„V„  V„ 


///  = 


BT  -CP' 


0.001 


(102) 


the  final  volume 
V 


P  BT  — CPn 

y  __2  1      v-y~L  1 

2p;bt2-cp;1' 


We  cool  the  gas  in  the  condenser  under 
constant    pressure.       The     volume     V 
becomes  V/  at  the  moment  the  temper- 
ature becomes  T/j  since  the  gas  is  lique- 
fied we  have; 

P  BT  '— CPn 

2p;bt2-cp^ 

and  the  quantity  of  heat  removed  from 
the  condenser  is : 

%=»My(Ta--T,')+*ir1'        (103) 
The  volume  occupied  by  the  liquid  is 

O.OOl.m 


v  = 


6 


6  being  the  density  of  the  liquid  supposed 
constant. 

The  liquid  is  then  passed  into  the  re- 
frigerant without  producing  work. 

The  quantity  mx^  of  gas  which  vapor- 
izes while  the  pressure  passes  from  Pt  to 
P2  and  the  temperature  from  T/  to  T2  is 
by  equation  (84); 

The  quantity  of  negative  heat  obtained 
is: 


or  Q=m(A,-£')  (104) 

and  we  have 

QJ-Q=m^(Tx-T/)-fm(r/+S'/-rt-S',) 
or        Q^Q^mcp^-T/HmfV-A,) 

We  can  verify  the  equality  Q,  —  Q= AWr 
or 

AC 
V-A,=*(T/-T,)-  —  (P»-P,«) 

Referring   to   the   fundamental    equa- 
tion 

dQ=kdU+A2dv 

and  making  t/Q=0  it  becomes 
mdJJ  =  —  7nPdv  =  —  cAV 

and  consequently 

(P?-P'2l)    (105) 

We  have  furthermore  by  definition, 

A=AU  +  AP7/, 

an  equation  which  signifies  that  the  total 
heat  of  the  vapor  at  t°  is  equal  to  the  in- 
ternal heat  AU  augmented  by  the  ther- 
mal equivalent  of  the  work  of  vaporiza- 
tion and  dilatation. 
WTe  have  then 

X-X=CP  (T  _T1)-^(P--P») 

This  equation  is  applicable  to  a  super- 
heated vapor  above  its  point  of  satura- 
tion. 

It  applies  also  at  the  point  of  satura- 
tion ;  we  have  then 

AC! 
K'-K=0P  (T/-T,)-^(E»-PJ)(106) 

which  verifies  the  equation 
Qx-Q=AWr. 

Equation  (105)  can  be  written : 

C(Pn-P?) 


If  we  make 


a 


AB      n 

the  equation  becomes 


=  0. 


u=u.+  — (p»-p.».) 


71 


Under  this  form  it  expresses  Hirn's 
law  of  superheated  vapors,  and  may  be 
thus  expressed: — from  the  point  of  con- 
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densation,  to  the  point  at  which  the  super- 
heated vapor  possesses  the  same  proper- 
ties as  the  permanent  gases,  the  product 
pv  remains  constant  while  the  internal 
work  remains  the  same. 


But  the  equation 


'P   — 


AB 


n 


is  not  verified  for  the  cases  of  the  two 
liquefiable  gases  which  we  have  studied, 
and  consequently  we  cannot  apply  to  them 
the  law  of  Hirn. 

§  30.  We  will  now  take  a  numerical 
example  and  suppose  as  in  the  preceding- 
case,  that  a  cubic  meter  of  gas  is  admitted 
at  the  temperature  of  —15°  under  a 
pressure  corresponding  to  this  temper- 
ature, and  that  it  is  compressed  until  its 
tension  is  that  of  the  condenser  and  that 
the  temperature  of  this  latter  is,  in  the 
interior,  +18°. 

Sulphur  dioxide.   Equation  (102)  gives 

W  =  0.419  +  oT.W=2*-882 

Equation  (100)  gives;  making 

0^=0.15438  m 

after  Kegnault,  and 

ATS 

—  =  0.211882; 
cp 

(T>  \  0.211882 
^J     =33431  or    ^  =  68°.80 

Equations  (103)  and  (104)  give 

Q,  =  227.49 
Q=197.75 

whence  AWr  =  Q1-Q=28.71 

and  Wr  =121.75 

and  the  theoretic  performance  =0.c0162  or 
4.374  calories  per  horse  power  per  hour. 

In  a  double  acting  engine  working  at 
high  velocity  we  estimate  the  resistances 
at  about  15  per  cent,  of  the  power  ex- 
pended. 

l.J.5Wr=13.998  and  the  performance 
becomes  Of 0141  or  3.807  calories  per 
horse  power,  per  hour. 

This  performance  is  double  that  of  the 
machine  working  with  dry  air  between 
the  same  limits  of  temperature.  This 
difference  shows  not  that  the  air  is  theo- 
retically a  less  efficient  agent  in  the  pro- 
duction of  cold,  but  that  to  produce  the 


same  useful  effect,  the  air  machine  having 
much  larger  dimensions  than  the  liquefi- 
able gas  machines  will  experience  propor- 
tionally greater  loss  through  resistances. 

§  31.  Generally  with  sulphur  dioxide 
we  do  not  get  as  low  a  temperature  as 
-15°. 

The  opening  of  the  cock  which  leads 
from  the  condenser  to  the  cooler  is  so  reg- 
ulated that  the  pressure  in  the  latter  is 
about  y9^  of  an  atmosphere  which  corre- 
sponds to  a  temperature  of  —12°. 41. 

P2=9301kg.  £2=-12°.41. 

With  these  values  the  tables,  given  at 
the  end  of  this  memoir,  give 

™=-  =  2fc.784 

r=  94.377 
q=  -4.517 
w2= 0.3863 

and  by  means  of  equations  (100),  (102), 
(103)  and  (104)  of  §  29  it  is  easy  to  cal- 
culate Tl5  Qx,  Q  and  Wr. 

The  results  of  these  calculations  are 
recorded  in  the  following  table,  which 
gives  the  negative  heat  obtained,  the 
work  absorbed  and  the  performance  per 
cubic  meter  of  sulphur  dioxide,  suppos- 
ing the  apparatus  regulated  for  a  tem- 
perature of  — 12°41  in  the  refrigerant,  and 
that  the  temperature  of  the  interior  of 
the  condenser  varies  from  +15°  to  +40°: 
(See  Table  on  following  page.) 

We  see  that  the  performance  dimin- 
ishes more  than  one-half  when  the  tem- 
perature of  the  interior  of  the  condenser 
rises  from  15°  to  40°. 
.  The  figures  of  the  last  column  do  not 
nearly  represent  the  number  of  calories 
really  produced  and  utilized.  It  is  nec- 
essary to  take  into  account  the  loss  occa- 
sioned by  the  pipes  ;  the  waste  spaces  in 
the  cylinder ;  of  loss  of  time  in  opening 
of  the  valves  ;  of  the  leakage  around  the 
piston  and  valves;  of  the  reheating  by 
the  external  air  ;  and  finally,  when  ice  is 
being  made,  of  the  quantity  of  the  ice 
melted  in  removing  the  blocks  from  their 
molds. 

It  requires  about  100  calories  to  con- 
geal to  —7°  a  kilogram  of  water  taken 
at  15°  or  16°.  Manufacturers  estimate 
that  practically  the  sulphur  dioxide  ap- 
paratus using  water  at  12°  or  13°,  pro- 
duces 25  kilograms  of  ice,  or  2,500  calo- 
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perature  after 

ion,  f,. 
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§  S 

0  T- 
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E  E 

-  >  « 
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— 

9  ~ 

c  •- 

»-  to 
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u  g  k 

-  ; 

H  ° 

— 

— ' 
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cal. 

Ch~ 

kiloix. 

decrees 

cal. 

cal. 

kgm. 

k.uni. 

cal. 

cal. 

15 

58.20 

248.85 

218.09 

10,785 

12,885 

0.02081 

5.484 

0.01768 

4.774 

20 

83,474 

3    !i!» 

248.19 

218.88 

12. 4 1 1 

14,810 

ooin.-) 

4.680 

0.01491 

4. 020 

86 

89,645 

15 

24:?  04 

208.66 

14,609 

16,890 

0.01428 

8.856 

0.01242 

8.858 

46,659 

98.06 

242.80 

20:5  !H 

16,515 

19,022 

0.012:!.-) 

3.^34 

0.01072 

2.894 

35 

54,585 

105.98 

2l2..-)(i 

111!).  21 

18,425 

21,189 

0.01081 

2  919 

0.00940 

2.538 

40 

68,496 

118.26 

212.27 

194.48 

20,::  12 

28,359 

0.00957 

2.584 

0.008:52 

2.240 

"' I ,  I ~  


ries  per  horse  power  per  hour,  measured 
on  the  driving  shaft,  which  is  about  55 
per  cent,  of  the  theoretic  efficiency  indi- 
cated above. 

Fig.  3  represents  the  Pictet  machine 
from  a  design  furnished  us  by  the  invent- 
or. It  has  a  double-acting  compression 
cylinder  with  four  valves.  The  cylinder 
is  furnished  with  a  jacket,  within  which  a 
current  of  cold  water  is  made  to  circu- 
late. 

The  gas  is  compressed  to  a  tension 
corresponding  to  the  temperature  of  the 
water  employed  for  cooling,  generally 
1.8   to   2   kilograms  effective   pressure ; 


then  it  is  discharged  by  the  pipe  T  into 
the  condenser  C  where  it  is  liquefied. 

This  condenser  is  like  the  surface 
condensers  of  marine  engines.  It  has  a 
surface  of  about  24  square  meters  for 
100,000  theoretic  calories  per  hour,  or  48 
square  meters  for  100,000  effective  calor- 
ies per  hour  measured  by  the  ice  pro- 
duced. 

The  quantity  of  water  employed  de- 
pends upon  the  difference  of  temperature 
to  be  allowed  between  the  inside  and 
outside  of  the  condenser. 

If  this  difference  is  to  be  5°  each  litre 
of    water   releases   5   calories    and    the 
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quantity  of  water  to  be  employed  will  be 
for  100  theoretic  calories  produced 

5Q  Q 

which  would  require  for  the  example  of 
§  31  and  for  a  temperature  of  '20°  in  the 
condenser,  22.8  litres. 

The  liquid  dioxide  passes  into  the  re- 
frigerant K  by  the  pipe  T',  the  supply 
being  regulated  by  the  cock  r  so  that  the 
pressure  shall  be  T9-g-  of  an  atmosphere  in 
the  refrigerant  and  3  atmospheres  in  the 
condenser.  If  the  outlet  by  the  cock  be 
diminished  the  pressure  is  lowered  in  the 
cooler,  and  the  temperature  is  also  low- 
ered, but  the  useful  effect  also  diminishes 
since  for  the  same  volume,  described  by 
the  compressor  piston,  less  weight  of  gas 
is  used.  We  have  in  this  machine,  there- 
fore, the  same  facilities  for  varying  the 
useful  effect  as  in  the  air  machines. 

The  refrigerant  is  constructed  like  the 
condenser.  Its  surface  is  29  square 
meters  for  each  100,000  theoretic  neg- 
ative calories  produced  per  hour.  It  is 
immersed  in  anincongealable  bath  formed 
of  a  solution  of  calcium  chloride. 

The  temperature  of  the  interior  of  the 
refrigerant  being  —12°,  that  of  the  bath 
being  —7°.  In  this  bath  are  immersed 
the  tanks  or  moulds  within  which  the 
water  is  frozen. 

Finally  the  sulphur  dioxide  returns  to 
the  compressor  cylinder  by  the  pipe  T". 

The  dioxide  may  be  employed  contin- 
uously so  long  as  no  air  is  permitted  to 
enter  the  joints.  Any  leakage  might  lead 
to  the  production  of  the  trioxide  and  pos- 
sibly sulphuric  acid  which  would  lead  to 
injury  to  machine.  Exceptional  care  is  re- 
quired in  maintaining  tight  joints. 

Some  experiments  with  an  ammonia 
machine  have  not  yielded  very  good  re- 
suls  ;  but  the  want  of  success  seems  to 
have  resulted  rather  from  an  imperfect 
action  of  the  surface  of  the  refrigerant  than 
from  any  inherent  defect  in  the  gas  it- 
self. Ammonia  gas  prevents  the  advant- 
age of  affording  about  three  times  the 
useful  effect  as  sulphur  dioxide  for  the 
same  volume  described  by  the  piston. 
But  this  advantage  is  balanced  by  the 
inconvenience  of  higher  pressures  and 
consequently  more  leakage,  &c. 

Between  the  limits  of  temperature  of 
12°. 41  in  the  refrigerant  and  +  18°  in 
the  condenser  we  find  for  ammonia  : 


P2= 26559  kilos. 
r„=321.06 
w2=0.461 
<?2=-1219 

and  we  have  Cp= 0.50836 


AB 


0.242615. 


t  =69°.75 


Wf  =34.959  kg. 
0.0179  or  4.833 


We  deduce  for  each  cubic   meter  de- 
scribed by  the  piston : 
m=2.163  k. 
Tx=342.75 
Q1  =  709.48 
Q  =627.03 
AWr=Q1-Q=  82.45 
Theoretic  efficiency: 
per  horse  power  per  hour. 

Working  the  apparatus  between  —30° 
and  +18°  we  find. 

P2=11918& 
r=  330.48 
\ =0.9463 
g2=  -31.82 
fn=l.<Q553ft 
Tx=388.20 
Q1=370.52 
Q=295.44 
AWr=Q1--Q=75.08 

Theoretic  result:  0.00928  or  2505  per 
horse  power  per  hour. 


t  =115.20 


Wr=31.834 
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NOTES  ON  LOGARITHMS. 

I»Y  MANSFIELD  MEKRIMAN,  Professor  in  Lehigh  University,  Bethlehem,  Peng. 
Written  for  Van  Xostranu's  Magazine. 


Logarithms  were  invented  and  brought 
into  nse  by  John  Napier,  a  Scotch  mathe- 
matician, who.  in  1614,  published  at 
Edinburgh  the  first  table.  It  consists  of 
the  natural  sines  for  every  minute  of  the 
quadrant  with  their  logarithms,  and  the 
logarithms  of  the  tangents.  These  were 
not  what  are  now  called  Naperian  loga- 
rithms :  they  depend  on  a  base  less  than 
unity  for  they  decrease  as  the  sines  in- 
crease. The  following  is  a  copy  of  a  few- 
lines  from  the  top  of  the  first  page  of 
this  first  table : 


Gr. 


min  sinus 


Loga- 
rithms 


+  1-1 

Differ- 
entiae. 


0  0  Infinitum.  Infinitum.  0 

1  2909  814256S1  81425680  1 

2  5818  74494213174494211  2 


Sinus. 


10000000  60 

10000000  59 

9999998  58 


Here  the  sine  of  0°  V  is  given  as  2909 
and  its  logarithm  as  81425681  ;  for  59° 
58',  the  sine  is  given  as  9999998  and  its 
logarithm  as  2.  The  differentiae  are  the 
logarithms  of  the  tangents. 

Henry  Briggs,  a  Professor  of  Geome- 
try in  London,  was  led  by  Napier's  book 
to  study  the  subject.  He  suggested  the 
advantages  which  would  arise  from  the 
choice  of  10  as  a  base,  and  computed  and 
published  the  first  tables  of  common 
logarithms.  His  first  book  appeared  in 
1617,  and  contains  common  logarithms 
to  fourteen  decimals  of  the  natural  num- 
bers from  1  to  1000.  The  second,  pub- 
lished in  1624,  contains  logarithms  also 
to  fourteen  decimals,  of  the  numbers 
from  1  to  20,000  and  from  .90,000  to 
100,000. 

The  first  tables  of  Naperian  logarithms 
(that  is,  logarithms  to  the  base  e= 2. 71828 
+ )  were  published  by  John  Speidell  in 
1619. 

Edmund  Gunter  calculated  and  printed 
in  1620  the  first  table  of  the  common 
logarithms  of  sines  and  tangents,  and 
these  were  to  seven  decimals. 

In  1628  Adrian  Vlacq,  a  Belgian  mathe- 
matician, republished  Briggs'  table  to  ten 


decimals  and  added  the  logarithms  of  the 
numbers  from  20,000  to  90,000,  thus 
completing  the  canon. 

Briggs  also  calculated  the  ten-figure 
logarithms  of  the  sines,  tangents,  etc.,  for 
every  hundredth  of  a  degree.  These  were 
published  in  1633,  after  his  death,  by 
Vlacq,  who  also  in  the  same  year  issued 
a  similar  work  for  every  ten  seconds  of 
the  quadrant.  It  thus  appears  that 
Briggs  and  Vlacq  were  the  great  loga- 
rithmic computers,  and  from  their  books 
nearly  all  modern  tables  have  descended. 
A  century  anda-half  afterwards  (in  1792) 
Michael  Taylor  published  a  table  of 
seven-figure  logarithmic  sines,  tangents, 
etc.,  to  every  second,  and  about  1784  the 
French  Government  caused  to  be  calcu- 
lated anew  extensive  tables  for  the  cen- 
tesimal division  of  the  quadrant,  which 
have,  however,  never  been  printed. 

It  is  necessary  to  remark  that  neither 
Napier  or  Briggs,  or  any  one  until  long 
after,  had  the  idea  of  regarding  loga- 
rithms as  exponents.  They  seemed  only 
to  consider  them  as  a  series  of  numbers 
in  arithmetical  progression  correspond- 
ing to  another  series  in  geometrical  pro- 
gression.    Thus,  in  the  two  series, 


2,       4,       8,       16, 
1,       2,       3,        4, 


32, 
5, 


64,  etc. 
6, 


o', 

the  position  of  the  product  of  any  two 
terms  in  the  first  will  be  pointed  out  by 
adding  together  the  two  corresponding 
terms  in  the  second ;  for  instance, 
4x16=14  and  2  +  4=6.  Thus  far,  in- 
deed, Archimedes  saw  fourteen  centuries 
earlier,  but  to  Napier  belongs  the  great 
honor  of  distinctly  conceiving  how  inter- 
mediate numbers  could  be  taken  in  both 
of  such  series,  so  that  the  multiplication 
of  any  or  all  numbers  might  be  abbrevi- 
ated, and  of  executing  the  laborious 
task  of  computing  a  practical  table. 

In  1647  Gregory  St.  Vincent  discov- 
ered the  geometrical  representation  of 
logarithms  by  a  hyperbola.  To  explain 
this,  let  the  curve  in  the  figure  be  one 
branch  of  an  equilateral  hyperbola,  and 
let  AY  and  AX  be  its  asynrptotes.     Let 
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C  be  the  vertex  of  the  curve — a  point 
such  that  the  ordinates  CB  and  CD  form 
a  square  ABCD.  Then  St.  Vincent 
showed  that  if  distances  AM,  AP,  etc., 
be  laid  off  in  geometrical  progression 
that  the  hyperbolic  areas  BCNM,  BCQP, 
etc.,   were   in   arithmetical   progression. 


B 


M 


From  this  it  followed  that  if  the  area  of 
the  square,  ABCD,  were  taken  as  unity 
the  area,  BCNM,  would  be  numerically 
the  Naperian  logarithm  of  A^I,  wherever 
the  line  MN  be  drawn.  For  this  reason 
the  term  "hyperbolic  logarithms"  was 
applied  to  the  system  whose  modulus  is 
unity,  and  the  name  is  even  now  not  un- 
frequently  employed.  The  reason,  how- 
ever, is  not  a  good  one  for  these  hyper- 
bolic areas  may  represent  the  logarithms 
in  any  system  provided  that  the  square, 
ABCD,  is  taken  as  the  modulus  of  the 
system ;  for  instance,  if  the  area  of  the 
square  is  0.4342945  and  AM  be  taken 
equal  to  unity,  the  area,  MNQP, 
will  be  the  common  logarithm  of  AP. 
By  the  study  of  the  properties  of  the 
hyperbola,  it  was  hence  possible  to  de- 
duce relations  between  numbers  and 
their  logarithms.  The  well  known  log- 
arithmic series 

Nap.  log  (l  +  *i)  =  j— ^  +  3  -.... 

was  derived  in  this  way. 

Common  and  Naperian  logarithms  are 
the  only  ones  with  which  engineers  have 
to  deal,  and  with  the  latter  only  rare- 
ly. Whenever  a  Naperian  logarithm  is 
needed  it  may  be  found  by  multiplying 
the  common  one  by  2.3025851.  In  what 
precedes  the  word  logarithm  has  been 


used  in  a  general  sense  and  as  referring 
to  all  systems ;  in  what  follows  it  will  be 
always  understood  to  refer  to  the  com- 
mon system,  namely,  to  the  system  whose 
base  is  10. 

A  logarithm  consists  of  two  parts,  a 
whole  number  and  decimal.  The  latter 
is  found  recorded  in  the  tables  and  the 
former,  called  the  index,  is  supplied  by 
the  memory  according  to  an  easily  recol- 
lected rule.  This  rule  as  given  in  the 
books  is  of  a  double  character,  one  rule 
in  fact  for  positive  indices  and  another 
for  negative  indices.  But  some  computers 
prefer  to  have  but  one  rule,  viz.:  The  in- 
dex is  found  by  counting  the  number  of 
places  by  which  the  first  significant  figure 
of  the  number  is  removed  from  the  units 
place,  and  it  is  positive  when  the  first  fig- 
ure falls  to  the  left  of  the  units  place  but 
negative  when  it  falls  to  the  right.  Thus 
6583.2  has  its  first  significant  figure  three 
places  to  the  left  of  the  units  place  and 
the  index  of  its  logarithm  is  3,  but  0.0065 
has  its  first  significant  figure  three  places 
to  the  left  and  the  index  is  —3. 

It  is  often  convenient  to  remember 
that  the  logarithm  of  2  is  0. 3  nearly.  Then 
the  one-figure  logarithms  of  4,  5  and  8 
are  at  once  known,  and  those  of  3,  6,  7 
and  9  may  be  easily  inferred.  But  the 
computations  made  with  one-figure  loga- 
rithms are  at  the  best  only  rough  estima- 
tions. With  a  two-figure  table,  however, 
which  can  also  be  easily  carried  in  the 
memory,  a  good  many  problems  concern- 
ing powers  and  roots  may  be  solved  with 
some  satisfaction.  Here  is  a  two-figure 
table  of  logarithms. 


No. 

Log. 

No. 

Log. 

1 

.00 

6 

.78 

2 

.30 

7 

.85 

3 

.48 

8 

.90 

4 

.60 

9 

.95 

5 

.70 

10 

.00 

The  index  must  always,  of  course,  be 
supplied  in  accordance  with  the  rule  for 
indices.  For  instance,  what  is  the  square 
root  of  0.3?  Solution—,  log.  0.3= -1 
+  0.48 ;  divide  this  by  2  giving  - 1  +  0.74 ; 
hence  the  square  root  of  0.3  is  about  0.55. 

A  table  of  three  figure  logarithms  writ- 
ten on  a  card  and  kept  on  the  office  desk 
is  often  very  serviceable.  It  is  a  double 
entry  table  giving  directly  the  logarithms 
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of  the  natural  numbers  from  1  to  100, 
while  those  of  the  numbers  up  to  1000 

may  be  taken  out  by  interpolation. 
Tables  of  four-figure  logarithms  may 

be  had  from  the  booksellers,  printed  on 
cards  about  6x10  inches.  They  con- 
tain the  1000  logarithms  of  the  hrst 
1000  natural  numbers,  and  are  very 
handy  for  schools,  as  well  as  sufficiently 
precise  for  many  practical  calculations. 
It  is  related  of  one  of  our  prominent 
astronomers,  who  is  a  very  rapid  com- 
puter, that  he  continually  carries  such  a 
table  in  his  memory. 

Five-figure  logarithms  are  precise 
enough  for  almost  all  common  computa- 
tions arising  from  measured  data.  The 
table,  which  embraces  the  first  10,000 
natural  numbers  and  occupies  about 
twenty  octavo  pages,  is  a  favorite  one 
among  computers  on  account  of  its  com- 
pactness and  its  convenience  in  use. 
Here,  as  in  the  seven-figure  tables,  the 
proportional  parts  for  interpolation  are 
printed  in  full  on  the  sides  of  the  pages. 

A  six-figure  table  is  universally  em- 
ployed in  this  country  for  school  use. 
It  is  of  the  same  length  as  the  five-figure 
table,  but  has  not  the  advantage  of  pro- 
portional parts,  which  cannot  be  inserted 
on  account  of  the  great  number  of  differ- 
ences. Since  logarithms  of*  five  and 
seven  figures  are  far  more  convenient, 
and  are  always  used  by  computers,  it 
seems  desirable  that  the  unhandy  six- 
figure  table  should  be  banished  from  the 
schools. 

Seven-figure  tables  are  ten  times  as 
long  as  the  five  or  six  figure  table  and 
are  extensively  employed.  There  is  no 
good  American  work,  but  a  number  of 
French  and  German  books  can  be  ob- 
tained at  low  prices. 

Perhaps  the  only  practical  use  of  a 
ten-figure  table  would  be  in  finding  the 
compound  interest  on  a  large  debt,  such 
as  might  arise  in  transactions  between 
nations.  Vega's  ten-figure  table,  pub- 
lished in  1794,  is  probably  the  most  re- 
liable and  most  easily  accessible. 

Logarithms  of  all  the  prime  numbers 
up  to  1097,  to  sixty-one  decimals,  are 
given  in  Callet's  tables.  Logarithms  of 
all  the  natural  numbers  up  to  109  were 
computed  to  one-hundred  decimals,  by 
H.  M.  Parkhurst,  and  published  in  his 
Astronomical  Tables,  New  York,  1876. 
It  is  impossible  for  the  mind  of  man  to 


conceive  of    a   practical    case    when 
many  decimals  would  be  needed. 

As  a  general  rule  it  is  often  said  that 
the  number  of  accurate  significant  fig- 
ures in  the  result  of  a  computation  is  the 
same  as  the  number  of  decimals  in  the 
logarithms  employed.  The  following 
shows  the  results  obtained  by  computing 
the  cube-root  of  0  with  different  tables, 
with  and  without  interpolation: 


No. 

of 

Cube  root  of  6 

Cube  root  of  G 

decimj 

lis  in 

without 

with 

logarithms. 

interpolation. 

interpolation. 

1 

2. 

1.9 

2 

2. 

1.83 

3 

1.8 

1.817 

4 

1.82 

1.8171 

5 

1.817 

1.81713 

6 

1.817 

1.81712 

7 

1.8171 

1.817121 

As  the  correct  value  to  eight  places  is 
1.81712059  it  appears  that  the  above  rule 
holds  for  this  example  in  every  instance 
when  interpolation  is  employed.  The 
example  also  shows  that  the  five-place 
table  gives  relatively  one  more  significant 
figure  without  interpolation  than  do  the 
six  and  seven  place  tables. 

In  choosing  a  logarithmic  table,  then, 
regard  should  be  had  to  the  precision  of 
the  work,  and  in  the  case  of  calculations 
from  data  liable  to  errors  of  measure- 
ment the  rule  that  the  computation 
should  be  precise  enough  to  introduce 
no  additional  errors  ought  to  be  rigidly 
observed.  Yet  the  precision  of  the  cal- 
culations should  not  be  too  far  in  advance 
of  the  measured  data.  What  surveyor 
can,  for  instance,  with  ordinary  tools,  lay 
off  a  line  twenty  feet  long  accurate  to 
the  thousandth  of  a  foot,  or  a  line  two 
hundred  feet  long  accurate  to  the  hund- 
redth of  a  foot,  or  a  line  a  mile  long  ac- 
curate to  the  tenth  of  a  foot  ?  Here  the 
fifth  figure  of  the  measurements  is  cer- 
tainly in  error  and  five-figure  logarithms 
are  sufficiently  precise ;  to  use  those  of 
seven-figures  would  not  only  not  be  of 
advantage,  but  would  consume  valuable 
time  and  labor.  A  seven-figure  table 
may,  however,  often  be  employed  with 
profit  to  take  out  five-figure  logarithms, 
for  thus  all  interpolation  will  be  avoided. 

A  cologarithm  is  a  number  which  added 
to  a  logarithm  makes  0;  or  co-log  n  =  0 
—  log  n.     It  is  hence  the  logarithm  of  the 
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reciprocal  of  a  number,  and  may  be  added 
whenever  the  logarithm  itself  is  to  be 
subtracted.  Cologarithms  save  perhaps 
a  little  time  and  space  to  practiced  com- 
puters, but  they  are  generally  of  no  assist- 
ance to  beginning  students. 

The  arithmetical  complement  of  a  log- 
arithm is  also  a  device  whose  office  in  text- 
books is  mainly  to  puzzle  the  young.  It 
is  equal  to  the  cologarithm  plus  10,  and 
is  used  like  the  cologarithm  except  that 
as  many  10's  must  be  subtracted  from 
the  final  logarithm  as  there  have  been 
arithmetical  complements  added.  The 
books  recommend  its  use  to  avoid  nega- 
tive indices,  though  why  negative  indices 
should  be  avoided  by  those  who  under- 
stand them,  is  not  entirely  apparent. 

In  most  tables  of  the  logarithms  of  the 
trigonometrical  functions  the  indices  have 
all  been  increased  by  10  in  order  to  render 
them  positive.  In  using  such  tables  this 
should  be  borne  in  mind  and  — 2  written 
for  8,  — 1  for  9,  0  for  10,  etc.,  or  else  as 
many  10's  must  be  finally  subtracted  as 
there  have  been  10's  added  in  the  opera- 
tion. It  is  more  logical  and  more  satis- 
factory to  always  use  actual  logarithms 
instead  of  those  whose  indices  have  thus 
been  made  positive,  and  it  Is  pleasant  to 
hear  that  in  our  best  schools  pupils  are 
now  taught  that  the  index  8  in  the  tables 
means  — 2,  that  9  means  — 1,  and  that  8 
and  9  should  never  be  used  in  calcula- 
tions. 

An  antilogarithm  is  the  number  cor- 
responding to  a  given  logarithm,  and  an 
antilogarithmic  table  is  a  table  from 
which  the  numbers  can  be  directly  taken, 
the  logarithms  being  exact  decimals  and 
the  numbers  usually  incommensurable. 
The  following  is  a  table  of  two-figure 
antilogarithms : 


Log. 

No. 

Log. 

No. 

.0 

10 

.6 

40 

.1 

13 

.7 

50 

.2 

16 

.8 

63 

.3 

20 

.9 

79 

.4 

25 

.0 

100 

.5 

32 

In  using  it  the  index  of  the  given  loga- 
rithm must,  of  course,  be  regarded.  Such 
tables  to  more  than  three  or  four  places 
are  rather  uncommon,  since  the  ordinary 


table  of  logarithms  is  quite  as  convenient 
for  finding  numbers,  and  is  usually  pre- 
ferred by  computers. 

The  number  of  books  relating  to  loga- 
rithms or  containing  logarithmic  tables 
is  now  very  great,  amounting  probably 
to  several  thousand.  They  range  in  size 
from  the  little  pocket  edition,  or  the  table 
printed  on  a  card,  to  the  pondrous  folio 
of  Michael  Taylor,  which  contains  about 
600  pages.  Concerning  the  bibliography 
of  the  tables  there  has  been  something 
done,  De  Morgan,  in  the  English  Cyclo- 
paedia, having  given  a  most  interesting 
list  abounding  with  historical  informa- 
tion, a  work  which  has  been  extended  by 
the  British  Association  for  the  Advance- 
ment of  Science,  in  whose  Report  for 
1873  can  be  found  much  matter  of  value. 
But  the  most  complete  bibliography  is 
that  of  Bier  ens  de  Haan,  published  in 
the  Transactions  of  the  Amsterdam 
Academy  for  1875,  which  enumerates  553 
tables.  Of  these  178  appeared  in  Ger- 
many, 144  in  England,  91  in  France,  57 
in  Holland,  23  in  Italy,  and  the  remainder 
in  eleven  other  countries;  only  9  being 
given  from  the  United  States.  Ninety- 
eight  of  them  were  published  in  the 
seventeenth  century,  121  in  the  eight- 
eenth, and  334  in  the  years  1801-1870. 
Tables  o\  seven-figure  logarithms  were 
the  most  numerous,  while  those  of  five 
ranked  next. 


The  Dercos  Lines.— The  great  line  of 
fortifications  which  constitute  the  perma- 
nent defences  of  Constantinople,  and 
which  have  been  entirely  recast  during 
the  past  winter  under  the  superintend- 
ence of  General  Baker  Pasha,  are  now, 
so  far  as  the  works  themselves  are  con- 
cerned, completely  finished.  Thanks  to 
Baker  Pasha's  unremitting  attention,  the 
Ottoman  capital  is  now  placed  beyond 
the  reach  of  the  Sultan's  enemies.  A 
highly  competent  British  military  au- 
thority, who  has  visited  the  works,  pro- 
nounces them  to  be  impregnable,  and 
with  that  opinion  the  views  of  Tevfik 
Pasha  and  Akef  Pasha  are  in  accord. 
All  that  now  remains  to  be  done  to 
render  the  work  thoroughly  complete,  is 
to  finish  the  road-making,  and  to  con- 
struct the  magazines. 

— Engineering. 
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THE  WORK  OF  THE  SMITH  IN  THE  SIXTEENTH,  SEVEN- 
TEENTH AND  EIGHTEENTH  CENTURIES.* 

By  Mb.  W.  PENSTONE. 

From  "The  Architect." 


Among  the  manipulative  arts  connected 
with  architecture  that  of  the  smith,  I 
think,  appeals  as  strongly  as  any  to  the 
aesthetic  mind.  There  is  a  strong  sense 
of  individual  power  and  skill  impressed 
upon  one  by  the  contemplation  of  works 
of  beauty  and  ingenuity  developed  from 
the  rough  ore,  which  awakens  to  its  full- 
est-extent the  sympathetic  interest  form- 
ing so  important  a  factor  in  the  consti- 
tution of  an  "artistic"  nature.  The 
hand  that  wrought  the  interlacing  scrolls 
and  flowing  leafage,  centuries  ago,  has 
left  its  impress  on  the  work  so  markedly 
that  it  seems  through  them  stretched  out 
to  us  in  the  universal  brotherhood  of  art. 
I  do  not  wish  to  compose  a  poetical  ex- 
ordium, but  unquestionably  there  is 
poetry  in  the  subject.  From  the  days 
of  Homer  to  those  of  Longfellow  and 
Mackay  bards  have  delighted  to  sing  of 
the  glowing  forge  and  ringing  anvil,  and 
their  music  has  furnished  the  motif  to 
the  great  masters  of  harmony.  Believing 
the  sense  of  beauty  in  art  to  be  in  a 
great  measure  dependent  upon  extra- 
neous associations  and  influences,  rather 
than  of  a  nature  to  be  analyzed  and 
scientifically  deduced  from  inherent 
qualities  contained  in  the  subjects  con- 
templated, I  am  unwilling,  whilst  looking 
at  the  productions  forming  the  subject 
of  our  consideration,  to  eliminate  entirely 
the  element  of  sentiment  in  order  to  gain 
credit  for  a  "  highly  practical "  paper. 

The  metal  work  of  the  Renaissance 
fully  partakes  of  the  incongruities,  vaga: 
ries  and  debasements  common  in  the 
contemporary  architecture,  so  irritating 
to  the  modem  medievalists  and  purists, 
from  whose  platform  it  is  easy  to  dis- 
cover reasons  why  the  greater  part  of  the 
works  of  this  class  should  not  rank  as 
high  productions  of  art.  But  speaking 
generally  as  to  the  work  of  the  period, 
much  interest  is  awakened,  and  indeed 
many  a  lesson  may  be  learned  from  these 
very  vagaries,  the  outcome  of  an  age 
when  the  increase   of  populations   was 

*  A  paper  read  before  the  Architectural  Association. 
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leading  to  a  spirit  of  restlessness  and 
travel,  and  the  struggles  between  old 
formulas  and  new  ideas  developed  con- 
stant incongruities  and  piquancies  in  the 
vigorous  life,  which  is  so  strongly  reflect- 
ed in  the  literature  and  art  of  these  cen- 
turies. In  the  new  motives  and  fresh 
impetus  given  to  art  workmanship  at 
this  time  may  be  found  ample  field  and 
principles  for  study  and  judicious  imita- 
tion, without  reproducing  extravagances 
for  the  sake  of  quaintness  or  making 
precedent  of  failures. 

It  is  worthy  of  remark  that  whereas  in 
the  earlier  Gothic  period  the  ironwork 
has  a  character  of  its  own,  consonant  with 
but  not  in  imitation  of  the  other  archi- 
tectural details  of  the  time,  in  its  later 
developments  the  ornamental  forms  of 
wood  and  stonework  were  adopted  by 
the  smith,  and  wrought  with  wonduros 
skill  and  finish,  but  with  a  corresponding 
loss  of  power.  The  introduction  of 
sheet-iron  into  use  during  the  fourteenth 
century  brought  other  tools  into  play 
than  hammer  and  tongs;  and  although 
the  new  form  of  material 'was  at  first 
used,  with  the  simple  adaptiveness  and 
propriety  so  characteristic  of  the  mediae- 
val workman,  the  greater  ease  of  mani- 
pulation in  time  led  to  over-elaboration 
and  imitation,  in  lieu  of  natural  treatment 
of  the  material.  At  the  end  of  the  fif- 
teenth century  we  find  the  work  of  the 
smith  in  locks,  hinges,  railings,  etc.,  with 
all  the  detail  characterizing  the  contem- 
porary stonework.  Traceries,  crockets, 
finials  and  foliations  are  executed  by 
means  of  overlaying  plates  in  many 
thicknesses  riveted  together,  chiselled, 
stamped  and  chased. 

But  the  iron  industry  was  now  grow- 
ing with  great  rapidity,  and  assuming  a 
more  important  place  than  it  had  hitherto 
occupied.  In  the  next  century  the  South- 
em  forests  of  Germany  and  our  own 
timber  districts  were  glowing  with  fur- 
naces ;  and  with  the  increased  facilities 
for  the  production  of  the  metal  came 
increase  of  power  in  dealing  with  it  as 
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an  ornamental  material.  In  the  hands 
of  those  artist  workmen  who,  encouraged 
and  protected  by  the  municipal  systems, 
added  so  much  to  the  power  and  wealth 
of  the  great  independent  or  semi-inde- 
pendent cities  of  central  Europe,  metallic 
design  was  developed  with  a  vigor  and 
freedom  which  left  behind  the  architec- 
ture of  the  age,  then  in  the  efflorescent 
decadence  of  an  exhausted  style.  And 
although  this  branch  of  work  partook  of 
the  infusion  of  Classic  detail  with  which, 
as  with  new  blood,  it  was  attempted  to 
reinvigorate  constructive  design  (and 
which  did  indeed  give  some  sort  of  new 
life),  it  did  so  in  a  perfectly  natural  and 
adaptive  manner. 

For  the  best  examples  of  the  work  of 
the  sixteenth  and  seventeenth  centuries 
we  must  turn  to  Germany,  certainly  for 
the  most  numerous.  The  great  imperial 
city  of  Augsburg  and  its  neighbors  seem 
to  have  especially  fostered  the  art  of  the 
smith.  The  hinges  and  other  ironwork 
on  the  doors  of  the  Townhall,  a  building- 
erected  at  the  commencement  of  the 
seventeenth  century  by  Elias  Holl,  are 
good  examples  of  the  treatment  of  flat 
iron,  cut  into  scroll  interlacing  patterns, 
lined  and  worked  up  with  the  chisel. 
There  is  a  peculiar  character  about  this 
class  of  German  work.  The  curves  seem 
to  have  been  suggested  by  the  tentacles 
of  the  star-fish.  Work  of  similar  charac- 
ter is  to  be  found  at  the  Dom  Kirche, 
which  also  contains  good  railing.  This 
latter,  however,  whilst  showing  a  close 
grille  of  excellent  design  and  a  beautiful 
corona  of  flowing  scrollwork,  is  spoiled 
by  the  extraordinary  freak  of  represent- 
ing at  bottom  a  platform  surrounded  by 
balusters  in  perspective  on  the  vertical 
plane.  There  are  two  or  three  railings 
of  much  beauty  enclosing  the  chapels  of 
the  great  Fugger  family  in  the  Cathedral 
of  St.  Ulrich,  the  moulded  standards  of 
which  deserve  attention.  The  railing 
enclosing  the  Augustus  fountain  is  a  very 
remarkable  work,  consisting  of  a  much- 
enriched  corona  of  scrollwork  above 
moulded  uprights.  The  cloisters  of  St. 
Anne's  Church  also  contain  good  work. 
At  the  "Three  Moors"  hostelry  in  the 
same  city,  in  the  chamber  shown  as  that 
of  Antony  Fugger,  is  an  iron  stove,  dated 
1532,  ornamented  with  scenes  from  the 
wars  of  Maximilian  I.  Augsburg  espe- 
cially  excelled  in   the   use  of  the  cold 


chisel  and  chasing.  Besides  sword  and 
dagger  handles  treated  in  this  manner., 
detached  statuettes  were  carved  out  of 
the  hard  metal.  Considering  the  much 
greater  adaptability  of  other  and  mixed 
metals  for  this  purpose,  and  the  rapid 
oxidization  to  which  iron  is  liable,  one 
cannot  but  consider  such  labor  as  in  a 
wrong  direction.  One  of  the  most  ela- 
borate works  of  this  description  is  now 
at  Longford  Castle,  near  Salisbury.  It 
is  a  chair  presented  by  the  city  of  Augs- 
burg to  the  Emperor  Rudolph  II.,  decor- 
ated with  small  statues  and  reliefs  repre- 
senting the  history  of  the  Roman  Em- 
perors, most  highly  wrought  and  chased, 
It  is  the  w^ork  of  Thomas  Ruker,  a.d. 
1574 

It  is  of  course  entirely  out  of  our 
province  to  take  up  the  subject  of  arms 
and  armor  which  at  this  period  received 
the  highest  decorative  skill  of  the  smith, 
and  such  works  as  this  may  be  relegated 
to  the  same  class.  I  do  not  intend  to 
make  a  catalogue  of  the  chief  works  in 
iron,  but  merely  to  point  out  a  few  ac- 
cessible examples  which  are  worthy  the 
attention  of  the  student.  At  Salzburg 
(Austria),  in  the  cemetery  of  St.  Peter, 
are  several  grilles  to  tomb  entrances  of 
the  seventeenth  and  eighteenth  centuries. 
The  best  of  these  is  that  of  the  Zillber 
family,  1640,  a  good  design  with  the 
prevalent  round  iron  scrolls,  flat  leaves, 
and  repousee  masks.  It  is  this  period, 
that  of  the  sixteenth  and  early  part  of 
the  seventeenth  centuries,  which  I  con- 
sider furnishes  the  best  examples  of  iron 
treatment,  fully  equal  to,  if  not  surpass- 
ing, any  previous  efforts  of  the  smith  in 
Germany,  even  at  the  best  period  of 
Gothic  work.  Most  of  the  examples  I 
have  quoted  belong  to  this  era,  and  much 
work  of  the  kind  may  be  found  scattered 
over  Germany.  Nuremburg,  as  might 
be  expected,  contains  many  specimens. 
One  interesting  piece  is  the  railing 
around  the  Schoenbrunner  fountain,  the 
work  of  an  Augsburg  smith  named  Paul 
Koen.  This  encloses  a  fine  structure  of 
Pointed  work,  and  the  feeling  in  cusp- 
ings  to  cresting  and  buttressed  standards 
is  decidedly  that  of  the  Late  Gothic. 
But  the  character  of  the  foliage  and 
scrolls  to  standards  is  of  an  independent 
type.  The  grille  itself  is  of  a  pattern 
much  used,  cross  diagonal  bars  forming 
diamond  patterns,  those  in  one  direction 
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being  placed  square,  and  in  the  other 
edgewise,  the  former  passing  through 
the  latter.  Scattered  upon  this  ground 
are  sprays  of  foliage  and  geometrical  pat- 
terns, entwining  and  interpenetrating 
the  bars.  Another  example  of  similar 
work  may  be  found  in  Vol.  III.  of  the 
"  A.  A.  Sketch  Book,*'  in  a  grille  to  a 
house  at  Frankfort,  sketched  by  Mr. 
Aldridge ;  and  on  the  same  plate  is  a 
drawing  of  gates  to  a  chapel  at  Cologne, 
which  is  suggestive  in  character,  the 
lower  part  being  filled  in  solid  with  wood 
and  flat  iron.  The  ancient  Nuremburg 
houses  contain  many  grilles.  A  fine  one 
is  that  to  No.  37  Winkler  Strasse.  There 
is  a  fountain  enclosure  of  simpler  charac- 
ter than  the  Schoenbrunner  in  the  Ebner 
Strasse.  Riveting  in  this  work  is  rarely 
resorted  to.  In  the  flat  iron  the  inter- 
secting bars  are  halved  and  welded,  and 
in  the  prevalent  round  bar  work  they 
pass  through  eyes  in  the  opposing  stalk. 
The  branches  are  well  welded  on  the 
larger  ones,  often  uniting  inside  a  cup 
terminating  the  main  stem.  The  lines 
generally  flow  easily  out  of  one  another, 
spiral  patterns  predominating.  The 
round  smaller  stalks  flatten  into  sprays 
or  small  leaves,  whilst  the  larger  termina- 
tions are  cut  from  the  sheet  in  the  form 
of  leaves  or  foliated  masks.  These  were 
often  painted  and  gilt,  or  repouse,  and 
lined  with  the  chisel.  Quaint  forms, 
recalling — perhaps  representing — the 
gnomes  and  dwarfs  with  which  Teutonic 
imagination  people  the  depths  of  the 
forest  and  recesses  of  the  mine,  are  very 
generally  introduced,  being  boldly  in- 
dicated by  the  chisel  in  the  flattened 
iron.  The  work  displays  a  suitable 
amount  of  finish,  but  the  marks  of  the 
forge  are  not  obliterated  by  the  file. 

The  most  noticeable  feature  of  this 
Early  German  Renaissance  work  is  the 
beautiful  flower  termination  so  generally 
used,  and  which  I  consider  a  triumph  of 
just  conventionalism.  The  petals,  stem, 
calyx,  leafage,  and  buds  are  represented 
in  an  illustrative  and  general  rather  than 
an  imitative  manner,  a  treatment  more  in 
accordance  with  true  principles  than  the 
closer  renderings  of  specific  flowers,  beau- 
tifully executed  as  they  are,  found  in 
later  work.  These  terminations  severely 
test  the  powers  of  the  modern  smith  in 
reproduction,  being  formed  by  intricate 
pieces    not    riveted     or     soldered    but 


welded  together  from  the  furnace.     In- 
deed, there  are  many  operations  of  the 
old  smiths  which  appear  to  have  been 
lost,  as,  for  instance,  that  by  which  the 
railings   to   the   tomb   of   the   Emperor 
Maximilian    at    Innspriick    are   formed. 
Here  leafage   undoubtedly   of   repousse 
j  work  has  been  applied  to  the  baluster 
I  formed  uprights  in  such  a  manner  that 
it  appears  as  if  wrought  in  one  piece. 
There  is  a  very  careful  drawing  by  Mr. 
I  Anderson,    in   the    last    volume    of   the 
i  "  Sketch  Book,"  of  one  of  the  flowers  I 
|  have  been  speaking  of.     Others  will  be 
|  found   among   smaller   sketches    on  the 
!  walls.    At  Munich  some  good  street  work 
still    remains.      The    church    of    Notre 
Dame  formerly  contained  fine  enclosures 
of  early  seventeenth  century  work,  but 
during  its  restoration  in  1860  these  were 
taken  out  and  probably  destroyed,  a  fate 
that  has,  I  fear,  too  often  overtaken  eccles- 
iastical work  of  this  description  during 
the  earlier  stages  of  the  Gothic  restora- 
tion   movement.      At   Bremm,    on    the 
Moselle,  there  is,  I  believe,  a  curious  iron 
pulpit,  dated  1663,  but  I  have  not  been 
able  to  find  any  illustration  of  it. 

From  the  end  of  the  sixteenth  to  the 

middle  of  the  eighteenth  century  it  was 

everywhere  the  custom  in  Germany  to 

ornament  tombs  with  iron  crosses,  though 

they  have  been  very  generally  removed, 

in  some  instances  being  preserved  in  the 

vaults  belonging  to  the  burying-ground. 

They  were  generally  painted  in  oil  and 

part  gilt,  and  have  often  a  small  locked 

box  or  reliquary  at  intersection.    A  good 

specimen   of   the   general   style  may  be 

seen  in  the  South  Kensington  collection, 

in  the  form  of  a  cruciform  candelabrum, 

also  some   examples  of   cruciform  lamp 

suspenders   used   in   lighting   churches. 

i  Cressets   or   torch    holders,    and    other 

i  funeral  furniture,  in  wroughht  iron  of 

j  the  sixteenth  and  seventeenth  centuries, 

j  have  been  often  preserved  in  churches, 

I  and  the  Cathedral  of  Cologne  possesses 

I  some  remarkably  fine  examples.     There 

is  some  good  ironwork  in  the  Cathedrals 

of  U'lm  and  Ratisbon.     The  work  of  the 

period  I  have  been  dwelling  on  is  char- 

'  acterized  by  a  boldness  and  vigor  which 

later  became  much  refined  upon. 

The  features  and  details  of  Classic  art 

!  which  in  Italy  were  redeveloped  with  a 

refinement  due  to  the  presence   of  the 

ancient  models  and  the  character  of  the 
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people  received  at  the  hands  of  the 
northern  smith  in  their  earlier  introduc- 
tion a  very  free  translation  in  which  the 
element  of  what  may  be  termed  elegance 
was  often  entirely  lost,  whilst  that  of 
power  was  intensified.  A  remarkable 
exemplification  of  this  spirit  in  art  will 
doubtless  be  familiar  to  students  of  the 
great  master  of  the  German  Renaissance, 
Albert  Durer,  whose  sketches  and  adapt- 
ations from  works  of  the  Italian  paint- 
ers display  a  total  indifference  to  their 
refinements  and  exaggerations  of  their 
most  forcible  points.  In  truth,  until  the 
seventeenth  century,  the  influence  of  the 
revival  was  but  little  felt  in  German 
metalwork,  the  artists  in  which,  taking  a 
departure  from  the  forms  of  the  later 
Gothic,  had  formed  in  the  previous  cent- 
ury or  so  a  school  of  their  own,  of  great 
originality.  But  the  Thirty  Years'  War, 
paralyzing  the  industries  of  Germany, 
seems  to  have  stopped  the  full  develop- 
ment of  this  national  style,  and  that 
country  never  recovered  her  pre-emi- 
nence in  this  direction.  The  later  work 
of  the  seventeenth  and  the  eighteenth 
centuries  succumbed  entirely  to  the 
classic  spirit  everywhere# triumphant,  and, 
except  for  a  somewhat  sturdier  render- 
ing, there  is  little  to  characterize  this 
from  that  of  other  countries.  The  exe- 
cution is  always  good.  Rich  work  of  the 
heraldic  "lambrequin"  character  was 
after  compiled  by  various  flat  pieces  over- 
laid and  welded  at  the  stem,  but  branched, 
twisted  and  curved  in  various  directions 
as  they  develop. 

In  Italy,  naturally,  the  return  to  class- 
ical traditions  appears  at  a  date  anterior 
to  the  acceptance  in  other  countries. 
Thus,  in  the  well-known  lantern  and 
torch-holders  affixed  to  the  Strozzi  Pa- 
lace, these  forms  are  adopted  at  a  period 
when  work  of  the  Pointed  style  was  being 
carried  on  everywhere.  They  are  the 
work  of  Niccolo  Grasso,  about  1480. 
The  warm  climate  of  the  South  led  to  the 
extensive  use  of  balconies  and  railings 
and  open-work  window  panels,  which 
may  be  found  in  great  profusion  in  most 
of  the  Italian  cities,  especially  Venice, 
mostly  of  the  seventeenth  and  eighteenth 
century  date.  They  are  usually  of  scroll 
treatment  in  a  combination  of  flat  and 
round  iron,  with  welded  bands  devoid  of 
applied  or  cut  leafwork,  but  of  an  infinite 
variety  of  patterns,   re-entering   curves 


being  very  generally  used.  Close  diaper 
grilles  with  rosettes  are,  however,  fre- 
quently met  with.  In  the  lighter  forms 
what  may  be  called  "riband  work"  is 
much  employed,  the  iron  used  being  of 
the  thickness  of  about  one-eighth  of  an 
inch,  doubling  upon  itself,  and  confined 
to  the  shape  required  by  ties  of  thin 
metal.  Beautiful  chains  of  this  descrip- 
tion were  used  for  hanging  lamps,  and 
are  frequently  picked  up  by  the  fortun- 
ate hunter  in  bric-a-brac.  Stands  for 
majolica  bowls  are  another  form  in  which 
much  fine  work  was  executed  by  the 
smith. 

France  possesses  very  good  forged 
work,  although  it  is  not  nearly  as  plenti- 
ful as  in  Germany.  This  may  be  in  part 
owing  to  the  excesses  of  the  revolution- 
ists, who,  however,  like  our  Ironsides, 
are  doubtless  credited  with  much  more 
destructiveness  than  is  their  actual  due. 
In  the  wholesale  demolition  of  chateaux 
and  desecration  of  churches  such  easily 
removable  work,  as  iron  gates  and  grilles, 
have  doubtless  disappeared  to  a  large 
extent.  Paris,  however,  contains  many 
examples  of  fanlight  openwork,  chiefly  of 
a  late  date.  There  are  two  of  these  of 
the  end  of  the  sixteenth  century  well 
worthy  of  remark.  One  is  from  a  door 
to  the  church  of  St.  Nicolas  des  Champs, 
semicircular  in  form,  fixed  in  two  halves 
in  a  wooden  frame  ;  fleurs-de-lys  orna- 
ments cover  the  points  of  contact  of  the 
bars,  and  rosette  terminations  are  used, 
formed  by  many  thicknesses  of  serrated 
sheet-iron.  The  initials  S.  N.  and  S.  I. 
occur  in  the  center.  A  fanlight  some- 
what similar  is  to  be  found  in  the  Rue 
St.  Paul.  The  Louvre  contains  a  work 
of  the  smith  which,  like  our  Hampton 
Court  screens,  is  monumental  in  charac- 
ter, and  affords  the  best  example  of  the 
industry  in  France  at  its  best  period.  I 
refer  to  the  two  gates  in  the  Apollo  Gal- 
lery. Perhaps  some  of  my  hearers  who 
may  be  well  acquainted  with  French 
architectural  literature  can  refer  me  to 
good  illustrations  of  these.  I  have  only 
discovered  an  engraving  of  one  of  them, 
which  does  not  do  it  justice.  These 
magnificent  specimens  were  discovered 
in  the  reign  of  Louis  Phillipe,  at  the 
Chateau  de  Maison  Lafitte,  in  a  sadly 
neglected  state.  They  are  of  late  six- 
teenth century  date,  and  one  is  said  to 
be  the  work  of  a  Frenchman  and  one  of 
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a  German.  They  have  been  very  care- 
fully restored,  the  firm  to  whose  hand 
they  were  entrusted  having  practiced 
their  workmen  for  months  on  similar 
work  before  taking  them  in  hand — a  con- 
trast to  the  treatment  of  our  Hampton 
Court  screens,  which  have  been  very  in- 
differently repaired.  The  Louvre  gates 
are  of  a  purer  Classical  type  than  ours, 
and  the  details  of  construction  are  better. 
The  structure  of  the  design,  however,  is 
too  directly  imitative  of  wood  panel- 
ing, and  there  is  much  repetition  in  the 
forms.  They  possess  much  grace  of  out- 
line, and  the  top  panel,  representing 
amorini  crowning  Time,  is  a  beautiful 
composition.  At  the  Lycee  Napoleon  is 
a  seventeenth  century  grille  of  good 
design  in  five  panels,  those  at  the  bottom 
being  well  filled  with  a  pattern  of  many 
parts  ;  the  center  ones  with  open  upright 
bars,  and  the  top  large  panel  occupied 
by  a  shield,  surmounted  by  flaming 
scrolls.  There  are  some  balconies  typi- 
cal of  the  eighteenth  century  style  at 
L'Ecole  Central  des  Arts,  formerly  the 
ancient  Hotel  Sale.  In  the  late  seven- 
teenth century  the  lines  of  design  in  iron 
follow  very  generally  the  contortions 
characterizing  the  school  of  decoration 
termed  "rococo."  The  applied  leafage 
is  often  of  bronze.  At  Fontainebleau  is 
a  wrought-iron  railing  of  seventeenth 
century  workmanship  surrounding  the 
moat,  and  similar  enclosures  may  be  met 
with  in  a  few  of  the  chateaux  remaining 
of  this  period.  The  cathedral  at  Rouen 
contains  a  railing  of  the  reign  of  Louis 
XIH.,  enclosing  the  Chapel  of  St.  Eus- 
tache.  At  Nancy,  in  the  eighteenth 
century,  Jean  Lamour,  smith  in  ordinary 
to  Stanislaus,  King  of  Potand,  executed 
many  remarkable  works  in  iron  which 
are  among  the  cherished  monuments  of 
the  ancient  capital  at  Lorraine.  They 
have,  I  believe,  been  illustrated  in  a  spe- 
cial work.  At  Toulouse,  in  the  Museum 
Garden,  is  a  well  with  ironwork  of  the 
seventeenth  century  of  somewhat  eccen- 
tric design.  A  similar  example  of  the 
same  period  may  be  found  at  Molhault, 
in  Belgium,  and  there  is  one  in  the  Hotel 
Cluny,  at  Paris.  Window  panels  of  simi- 
lar character  to  the  Italian  ones  we  have 
mentioned,  and  altar  rails  of  like  design 
may  be  found  in  provincial  towns,  more 
especially  in  the  southern  provinces.  We 
have   here   sketches   of   some   from   La 


Ferte  Bernard  and  Nogent-le-Retun. 
The  diligent  explorer  may  find  some  of 
the  old  signbrackets  remaining  in  Paris 
and  other  cities  from  which  were  dis- 
played the  trade  marks  or  insignia  once 
in  universal  use  amongst  tradesmen,  but 
now  displayed  only  by  publicans  and 
pawnbrokers.  They  were  often  of  elab- 
orate construction,  like  the  example  now 
at  South  Kensington.  Also,  though  now 
very  scarce,  there  are,  I  believe,  to  be 
found  some  of  the  old  "  lanterns  "  of  dec- 
orative charater,  from  which  were  sus- 
pended the  oil  lamps  used  in  street  light- 
ing, and  which  acquired  so  terrible  a 
significance  during  the  first  Revolution. 
A  most  interesting  and  quaint  work  on 
iron  was  published  in  the  year  1627  at 
La  Fleche,  by  one  Mathurin  Jousse,  a 
provincial  working  smith,  who  also  is- 
sued treatises  on  perspective  and  car- 
pentry. It  contains  a  number  of  designs 
chiefly  for  locks,  keys,  and  similar  work,, 
which  are  marked  by  great  spirit  and 
invention.  The  original  work  is  very 
scarce,  but  it  has,  I  believe,  been  par- 
tially reproduced  in  fac-simile.  The 
elaborate  door  furniture  produced  in 
Italy  and  France  during  the  seventeenth 
and  eighteenth  centuries  forms  a  subject 
in  itself,  and  has,  I  believe,  been  so 
treated  in  a  volume  lately  published  in 
Paris.  The  knockers  especially  are  of 
great  variety  and  richness,  containing 
often  groups  of  figures  executed  in  the 
highest  style  of  art,  such  as  the  well- 
known  one  at  the  Palace  Pisano,  Venice, 
representing  Neptune  and  sea-horses. 
These,  however,  belong  more  properly 
to  the  art  of  the  sculptor  and  founder 
than  to  the  art  of  the  smith.  Many  ex- 
amples are  produced  entirely  by  chisel 
and  file,  but  the  simpler  varieties,  such 
as  two  I  have  sketched  at  Candebec,  will 
often  afford  good  hints  for  the  treat- 
ment of  ordinary  work.  There  is  a  fine 
knocker  brought  from  Paris  at  Barnard's 
Inn,  Holborn. 

In  this  rapid  sketch  I  can  but  just 
allude  to  the  wrork  in  other  countries. 
That  in  the  Low  Countries  assimilates  in 
character  to  the  French,  although  per- 
haps heavier  in  style.  At  Foret,  near 
Brussels,  in  the  Church  of  St.  Denis,  are 
good  gates  of  date  1760.  At  Bruges 
may  be  seen  some  few  wrought-iron 
finials  to  its  many  gables ;  note  one  in 
the  Hue  du  Fil,  dated  1628.     Spain  pos- 
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sesses  ranch  remarkable  work  in  iron 
characterized  by  the  ornateness  displayed 
by  its  architecture.  In  Switzerland  also 
fine  work  may  be  found  in  window 
grilles. 

As  I  have  remarked  about  the  German, 
so  in  the  work  of  Italy,  France,  Spain, 
England  and  the  Low  Countries,  the  na- 
tional distinctions  in  style  are  but  faintly 
marked  from  the  seventeenth  century. 
Scrolls,  masks,  acanthus  and  other  leaf- 
age, urns,  spears,  swords  and  shields 
and  other  forms,  all  modelled  on  dis- 
tinctly classic  precedent,  are  used  in  a 
similar  manner  in  all  countries  to  pro- 
duce works  of  great  richness  and  beauty, 
but  which  often  convey  a  sense  of  over- 
elaboration  and  artificial  effects  unsuit- 
able to  the  material.  In  Germany,  as  we 
have  noticed,  the  rendering  of  this  classic 
detail  is  vigorous  rather  than  elegant. 
In  France,  the  facile  and  versatile  spirit 
of  the  nation  is  displayed  by  graceful 
combinations  of  curvative  and  easy  adapt- 
ations from  antique  models.  In  Hol- 
land there  is  often  an  affected  quaint- 
ness,  whilst  in  our  own  country  there  is 
to  be  found  a  certain  sense  of  fitness  and 
a  degree  of  independence  which  makes 
much  of  our  work  mosl;  valuable  and 
suggestive.  These  differences  are  of  so 
subtle  a  nature  that  it  would  require  a 
much  more  exhaustive  paper  to  analyze 
them,  and  we  must  remember  that  the 
interchange  of  work  and  workmen  among 
the  different  nations  tended  much  to  ob- 
literate local  characteristics. 

I  must  now  proceed  to  the  home  view 
of  our  subject.  The  metalwork  of  our 
Perpendicular  period  is  of  a  very  high 
class,  though  the  forms  are  of  marked 
architectural  character.  The  enclosure 
to  Heniy  VII. 's  tomb  at  Westminster  (in 
bronze  or  laten)  is  perhaps  the  finest 
example  of  such  work  to  be  found,  and 
the  railings  to  Edward  I V.'s  tomb  at  St. 
George's,  Windsor,  is  a  marvel  of  elabo- 
rate construction.  Both  of  these  are  prob- 
ably the  work  of  foreigners,  the  latter 
being  popularly  ascribed  to  the  hand  of 
Quentin  Matsys.  I  have  not  been  able 
to  discover  any  conspicuous  examples  of 
ironwork  of  the  Elizabethan  age,  though 
much  of  the  smaller  work  in  lock-plates, 
hinges,  etc.,  remain.  In  Exeter  Cathe- 
dral there  is  a  door-plate  in  the  form  of 
a  crown  of  sixteenth  century  date,  and 
the  city  itself  possesses  an   interesting 


relic,  probably  of  early  seventeenth  cent- 
ury workmanship,  in  some  mace-holders 
of  cut  and  chiselled  sheet-iron  colored 
red  and  green  and  parcel  gilt.  The 
vestry  door  to  St.  Saviour's,  Southwark, 
has  a  handle  in  the  form  of  a  ring  with 
lizards  on  it  of  the  same  date.  At  Hurst 
Church,  in  Berkshire,  there  is  a  curious 
wrought-iron  bracket  for  hour-glass, 
dated  1636,  painted  and  gilt.  In  most 
of  the  old  Elizabethan  mansions  much 
useful  work  in  the  form  of  door  furniture, 
though  generally  of  a  plain  character, 
may  be  found;  Eastbury  House,  near 
Barking,  furnishes  good  examples.  The 
Ashmolean  Museum  at  Oxford  has  a  fine 
lock-plate  of  a  more  ornamental  descrip- 
tion. I  have  here  some  sketches  of  a 
work  of  the  Jacobean  age,  which  is  a 
very  good  example  of  the  powers  of  the 
English  smith.  It  is  a  screen  formerly 
separating  the  pew  of  the  Leversedge 
family  from  the  Lady  Chapel  in  the 
Church  of  St.  John,  Frome.  I  consider 
this  specimen  singularly  happy  in  design, 
and  delicate  in  execution.  The  compo- 
sition gives  due  importance  to  the  cen- 
tral feature  bearing  the  armorial  shield, 
whilst  the  side  panels  are  agreeably  di- 
versified.    The  general  size  of  main  bars 
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The  lines  of  hammered 


work  are  not  obliterated  by  sheet  work, 
although  there  is  quite  sufficient  of  the 
latter  to  give  a  richness  to  the  design. 
Altogether  there  is  what  may  be  called  a 
restrained  freedom  about  the  piece  of 
work  which  is  pleasing.  It  has  recently 
been  added  to  the  valuable  collection  of 
ironwork  at  South  Kensington.  Later, 
in  the  seventeenth  century,  we  come  to  a 
series  of  examples  which  are  probably 
well  known  to  all  London  students — the 
screens  from  Hampton  Court.  They 
are  twelve  in  number,  and  were  formerly 
placed  at  intervals  of  50  yards  in  the 
fence  dividing  the  Palace  home  park  from 
the  gardens.  They  were,  however,  drop- 
ping into  decay,  and  removed  into  the 
Palace  to  preserve  them.  Seven  have 
for  some  years  been  placed  on  loan  in 
the  South  Kensington  Museum,  and 
some  have*  recently  been  placed  in 
the  building  at  Bethnal  Green.  Hun- 
tingdon Shaw,  blacksmith,  of  Notting- 
ham, is  recorded  as  the  artificer  who 
constructed  them,  about  1695.  His 
monument  may  be  seen  in  Hampton 
churchyard.     They  are   of  large  dimen- 
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D8  (about  13  feet  in  width  by  11  feet 
high),  and  altogether  exhibit  a  surpris- 
ing amount  of  labor  and  ingenuity.    The 

ieral  construction  of  the  whole  scries 
is  in  one  pattern,  but  four  are  of  richer 
detail  than  the  others.  Panels  2  feet  4 
inches  in  width,  formed  of  uprights  2 
inches  square,  tilled  in  with  a  pattern  of 
1-inch  bars,  and  strengthened  by  stays. 
form  the  supporting  standards  on  either 
side.  Between  these  is  a  flowing  com- 
position of  elliptic  scrollwork,  with  bold 
applique  foliage  and  flowers  surrounding 
a  panel  about  3  feet  square,  which  in  the 
four  principal  screens  enclose  representa- 
tions of  the  natural  emblems — rose,  this- 
tle, and  harp — the  remainder  being  filled 
in  with  a  diaper  pattern.  Above  this  is  a 
heavy  swag  or  chain  of  flowers  pendent 
from  the  beaks  of  eagle-headed  scroll 
terminations,  and  crowning  the  whole  is 
a  foliated  mask  with  a  figured  and  tas- 
seled  apron.  The  detail  is  wonderfully 
wrought  out,  the  small  rosebuds  and 
sprays  being  represented  with  great  fidel- 
ity to  Nature,  as  if  in  emulation  of  the 
work  of  Grin  ling  Gibbons  in  wood.  A 
naturalistic  treatment,  however  suitable 
for  the  material  in  which  the  latter  artist 
chiefly  worked,  is  not,  I  think,  at  all  so 
for  iron.  The  ornament  is  almost  entirely 
of  an  applique  character ;  the  larger 
scroll  ends,  a  subject  on  which  I  shall 
say  a  few  words  presently,  are  even 
cased  with  sheetwork.  It  is  very  sur- 
prising that,  notwithstanding  the  care 
displayed  in  the  formation  of  the  details, 
the  whole  is  very  badly  put  together, 
and  it  is  no  wonder  that  the  influences  of 
time  and  weather  were  speedily  bringing 
these  fine  works  of  art  to  ruin.  Few  of 
the  scrolls  or  stems  are  welded  at  their 
junctions,  but  simply  united  by  iron 
tongues  and  pins,  the  heavy  strains  on 
which  have  in  some  instances  caused 
them  to  give  way.  The  leafage  also, 
which  in  the  most  ordinary  gatework  of 
this  period  was  always  welded  to  the 
stems  from  which  they  spring,  are  merely 
riveted  or  screwed,  the  larger  branches 
in  several  pieces.  Notwithstanding  such 
defects,  however,  their  works  must  al- 
ways be  objects  of  admiration  from  the 
boldness  and  orignality  of  their  design, 
and  the  evidence  of  patient  skill  in  their 
juoduction.  There  are  other  productions 
of  the  smith  at  Hampton  Court  Palace 
well  worthy   of   attention,  such   as   the 


balustrading  of  the  King's  and  Queen's 
staircases,   the   work   of  a    Frenchman, 

though  doubtless  from  designs  by  Wren. 
of  great  importance;  and  familiar  to  most 
of  you  is  the  ironwork  in  St.  Paul's 
Cathedral,  by  the  same  artificer  as  that 
last  mentioned — one  Tijou,  a  Protestant 
refugee.  The  hand  of  the  master-designer 
is  here  very  apparent,  although  probably 
very  much  more  was  left  to  the  workman 
than  would  be  the  case  under  our  pres- 
ent system.  The  gates  to  the  choir  are 
noble  in  design  and  proportion,  and  ex- 
hibit a  refinement,  compared  to  the 
Hampton  screens,  which  may  be  partially 
due  to  the  nationality  of  the  producer. 
In  those  facing  the  nave,  exception  may 
be  taken  to  the  imitation  of  fluted  pilas 
ters  in  open  work,  and  to  the  flattened 
flaming  urns  at  the  top.  I  do  not  think 
the  urn-shaped  standard  terminations  at 
all  an  inappropriate  form,  but  I  do  con- 
sider them  unpleasant  if  in  the  flat,  espe- 
cially if  the  smith  attempts  to  put  them 
in  perspective,  and  more  especially  when 
he  represents  them  as  if  seen  from  the 
clouds,  as  in  the  Lever  sedge  screen.  The 
side  gates  display  neither  of  these  de- 
fects, the  paneling  being  filled  with  close 
scrollwork,  and  the  corona  containing 
sconces  for  large  candles,  twenty-three 
to  each  screen.  Nevertheless,  we  lose 
the  vertical  treatment  in  the  gates,  which 
gives  so  much  more  value  m  to  the  flowing 
work  above  in  the  others.  The  grilles 
at  the  back  of  stalls,  the  balustrade  to 
gallery  round  the  dome,  and  the  work  to 
the  geometrical  staircase  are,  especially 
i  the  latter,  worthy  of  study. 

Many  of  the  entrances  to  parks,  public 
i  buildings,  and  mansions  of  the  reigns  of 
\  Queen  Anne  and  the  early  Georges  dis- 
|  play  noticeable  gatework  on  a  large  scale. 
A   list   of   these,   if  made,  would  be  of 
!  some  length,  but  useful  to  the  student. 
I  Amongst  the  more  remarkable  we  may 
mention  the  gates  to  the  Clarendon  Press 
!  at  Oxford,    1712 ;  those  at  Trinity  and 
I  New  Colleges,  in  the  same  city  ;  the  gates 
!  to  Temple  Gardens,  1730  ;  and  to  Gray's 
Inn,  1723.     In  the  older  suburbs  of  Lon- 
don, and  in  many  provincial  towns,  one's 
attention  is  often  drawn  to  the  home- 
like dwellings  of  the  last  century,  with 
forecourts  enclosed  by  wrought-iron  rail- 
ings and  gates.    Chelsea,  Hampstead  and 
Clapham   contain    many   examples,    and 
.  through  the  medium  of  the  Association's 
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"  Sketch  Book  "  I  have  been  able  to  place 
many  illustrations  upon  the  walls. 

It  is  amongst  this  dometic  work,  rather 
than  in  the  more  ambitious  efforts  of  the 
smith,  that  the  student  of  design  will 
find  most  valuable  motives  and  ideas. 
There  is  always  a  sense  of  fitness  for  the 
purpose  designed,  and  generally  a  tem- 
perate use  of  ornament  other  than  con- 
structional— that  is,  the  hammered  bars 
and  scrolls  are  not  overlaid  with  sheet- 
work,  but  depend  upon  the  variety  of 
curve  and  patterns  into  which  they  are 
wrought  for  richness.  The  natural 
structural  composition  of  an  open  "enclos- 
ure— that  of  upright  bars — is  seldom  lost 
sight  of,  the  leading  lines  being  vertical, 
and  the  scrollwork  being  kept  in  subsi- 
diary panels,  or  confined  to  the  heads 
and  principal  standards.  The  gates 
themselves  are  often  quite  plain,  the 
ornament  being  confined  to  the  frame 
surrounding  them.  The  flowing  work, 
of  beautiful  design,  gains  much  in  value 
by  being  thus  temperately  employed,  and 
the  whole  composition  embellishes  the 
building  of  which  it  forms  a  feature  with- 
out disturbing  its  repose.  Often  unpre- 
tending enough,  such  wj^rk  impresses 
one  as  that  of  men  who  gave  their  hearts 
to  it,  though  it  was  usually  produced  in 
humble  smithies.  The  careful  and  often 
excellent  work  turned  out  from  our 
modern  art  factories  somehow  seems  to 
lack  the  power  of  interesting  you  in  its 
producer  as  this  old  work  does.  Doubt- 
less one  reason  is  that  it  is  too  perfect ; 
you  never  see  a  curve  gone  slightly 
wrong,  and  the  leaves  are  cut  too  closely 
to  pattern,  and  are  too  well  balanced. 
You  can  picture  the  old  smith  pausing 
to  consider  which  way  the  curve  should 
now  be  turned,  or  what  twist  to  give  the 
spray  of  leaf — possibly  arguing  a  point 
of  broken  flexure  with  the  idling  critic, 
or  interrupting  his  work  to  shoe  a  pass- 
ing traveler's  horse,  and  hear  all  the 
latest  news  of  Marlborough's  wars  the 
while.  One's  mind  would  scarcely  dwell 
upon  the  art-metal  workman  of  the  pres- 
ent day,  tracing  down  on  the  sheet  care- 
ful details  of  elaborate  foliations.  Before 
the  opening  up  of  the  Northern  and 
Midland  coalfields,  smelting  operations 
were  carried  on  in  such  forest  districts 
as  still  afforded  abundance  of  timber. 
In  the  reign  of  Elizabeth  it  was  foreseen 
that  the  great  demand  for  fuel  to  feed 


the  increasing  number  of  furnaces  would 
tend  to  the  rapid  exhaustion  of  growing 
wood.  Various  repressive  statutes  were 
enacted,  prohibiting  the  establishment  of 
works  altogether  in  some  districts,  and 
limiting  them  in  others.  The  Weald  of 
Sussex  and  portions  of  the  neighboring 
counties  were  the  nearest  sources  of  sup- 
ply to  the  metropolis.  The  earliest  spe- 
cimens of  castings  came  from  this  dis- 
trict, and  the  "  Sussex  iron,"  in  the  form 
of  andirons  or  firedogs  and  firebaCks,  is 
well  known  to  the  collector  and  dealer  in 
"antiques."  The  decorative  work  in  the 
firebacks  is  especially  noticeable  in  the 
seventeenth  and  eighteenth  centuries,, 
some  very  elaborate  compositions  being 
produced,  but  always  marked  by  a  suit- 
able or  plastic  treatment.  The  fine  rail- 
ings around  St.  Paul's,  now  being  refixed,, 
were  the  produce  of  a  foundry  at  Lam- 
berhurstin  Kent,  and  are  good  specimens 
of  the  right  treatment  of  cast-iron  rail- 
ings. The  Sussex  furnaces  were  finally 
extinguished  in  the  middle  of  last  cent- 
ury. Their  history  is  an  interesting  one., 
and  may  be  found  in  the  volumes  of  the 
"  Sussex  Archaeological  Journal." 

I  have  not  the  space  to  go  into  the 
question  of  cast  iron,  to  the  abuse  of 
which  useful  manufacture  we  owe  the 
pretentious,  vulgar,  and  uncomfortable 
accessories  which  have  disfigured  our 
architecture  to  so  great  an  extent.. 

The  subject  of  iron  design  in  the  pres- 
ent day  has  been  taken  up  by  abler  hands 
than  mine.  I  only  feel  it  incumbent  on 
me  to  urge  the  necessity  of  making  one's 
self  thoroughly  acquainted  with  the  dif- 
ferent phases  it  has  gone  through  in  the 
periods  I  have  been  dwelling  upon.  In 
the  earlier  German  and  the  simpler  forms 
of  our  own  eighteenth  century  work,  we 
have  models  of  a  natural  and  therefore 
artistic  treatment  of  material  which  will 
repay  close  study,  and  I  am  sure  each  pf 
these  periods  might  be  advantageously 
treated  of  in  a  more  detailed  and  techni- 
cal paper  than  I  have  been  able  to  put 
before  you.  I  have  now  only  time  to  in- 
dicate one  or  two  points  wherein  I  think 
such  work  offers  useful  guidance  to  the 
designer. 

The  most  natural  way  of  employing 
iron  in  an  independent  manner  is  surely 
that  of  an  arrangement  of  bars  or  lines, 
connected  together  in  a  constructive 
manner'    to    combine      lightness      and 
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strength.  These  bars  may  be  manipula- 
ted in  various  ways,  of  section  round  or 
square  or  moulded,  and  the  combinations 

of  curved  and  straight  lines  offer  an  end- 
less variety  of  pattern.      Decorative  work 
of  lighter  form,  in  which  the  sheet-iron 
is  brought  into  play,  may  be  applied  to  a 
certain  extent  only  without    interfering 
with  the  sense  of  stability  given  by  the 
preponderating  forged  work.     And  this 
is    always    the   principle   of   the    earlier 
lithe,  though  generally  lost  sight  of  in 
the  more  important    works   of  the  later 
centuries,    when    the    forged    work    was 
often  but  a  constructive  frame  concealed 
by   the   application   of  decorative  forms. 
Large  mouldings  imitative    of  those  in 
me   and   wood,    were   formed   out   of 
sheet-iron,  enclosing  the  bars  supporting 
the  structure,  whilst  cut  and  beaten  work, 
highly  wrought  and  made-up  imitations 
of  natural  foliage,  human  forms,  draper- 
ies,   and    other    objects,    frequently    at- 
tached by  rivets  only,  crowded  the  whole 
composition.     Now,  in  the  German  work 
the  figures  which  were  often  introduced 
were  usually  continuations  of  the  scroll 
bar,  out  of  which  they  were  worked  in 
the  solid,  forming  part  of  the  structural 
composition,    though   often   with  wings 
and   foliations    of    sheetwork    attached. 
The  leafage  grows  naturally  out  of  the 
main  lines,  to  which  it  is  kept  in  subor- 
dination.     The  terminations  of  the  vo- 
luted   scrolls  are  points   of   the   design 
which  fitly  receive  ornamentation,    and 
this  detail  alone  is  deserving  of  attentive 
study.     Although   the   use   of  applique 
sheetwork  in  the  form  of  flowers  or  geo- 
metrical rosettes  is  here  quite  a  legiti- 
mate form  of  enrichmeut,  we  find  that 
very  generally  sufficient  effect  is  produced 
by  simple  treatments  of  the  hammered 
bar.     A  great  variety  of  these  may  be 
evolved    out    of  the   two   principles   of 
spreading  the  end — in  one  case   in  the 
direction  of  the  depth  of  the  bar,  in  the 
other    in    the    direction   of    its    width. 
These   methods  in  their  simplest   fonn, 
with  a  parallel  treatment  and  a  .variation 
of   round    and   flat   iron,    are   generally 
found    used    together   in    our    English 
gatework,  giving  a  diversity  to  otherwise 
similar  forms.    By  welding  on  additional 
metal,  and  by  a  combination  of  the  two 
principles,  writh    alterations   to  the    sec- 
tional form  of  bar,  many  other  develop- 
ments may  be  obtained  of  which  we  have 


here  one  or  two  examples,  chiefly  German. 
Or  the  termination  may  be  hammered 
and  chiselled,  or  stamped  (as  usual  in 
modern  work)  into  dog-heads  or  geomet- 
rical patterns.  In  all  cases  where  ex- 
posed to  probable  rough  treatment, 
these  methods  are  preferable  to  the  use 
of  cut  and  beaten  ornament.  As  an 
example  of  consideration  of  fitness  for 
purpose,  I  would  point  to  a  gate  of 
German  work  now  at  South  Kensing- 
ton. 

It  is  of  a  close  diaper  pattern,  a  fleur- 
de-lys  ornament  being  formed  on  the  up- 
right bar  by  a  stout  hammered  foliations 
|  welded  on.     The  points,  of  which  there 
I  are   many,    are   all   carefully   turned  in- 
wards,  and  protected  by  the  enclosing 
barwork.     Bounded  clips  are  used,  and 
it  is  quite  possible  to  lean  or  be  pushed 
against  the  gate  without  risking  tatters — 
a   desideratum   which  is  too   frequently 
lost  sight  of  by  the  modern   designer. 
As  a  general  rule,  I  do  not  think  ordi- 
nary protective  enclosures  require  highly 
ornamental  display.    The  area  railings  of 
the  last  century,  which  are  familiar  to  us 
all,  with  their  standard  panels  at  inter- 
vals in  the  assemblage  of  square  bars, 
are  to  my  mind  much  more  satisfactory 
in  a  long  frontage  than  elaborate  pat- 
terns.    The   bold   forms   of    the   spear- 
heads and  occasional  scroll  ramps,  with 
the    now     obsolete    lamp-brackets    and 
torch    extinguishers,    quite    sufficiently 
relieve   the    designs   from    tameness — a 
failing  which   this   material   suffers  less 
than  any  other,  and  which  is  often  most 
conspicuous   in   the  most  ornate   work. 
There  is  often  more  character  in  a  simple 
forging   than  in  many   pretentious   pat- 
terns  drawn  from  the  sand-mold,   as  a 
comparison   between   the   spear-heads  I 
have   mentioned   and  the  usual   run    of 
cast  railing  will  testify.     And  I  would 
repeat  again  that  the  great  lesson  wdiich 
all  old  work  impresses  upon  one  is,  that 
the  refinements  of  the  file,  scissors,  and 
pliers,  should  not  be  allowed  to  emascu- 
late   the    vigor    produced   by   hammer, 
tongs,  and  chisel.      In  what  I  feel  to  be 
rather  too  sketchy  a  paper,  my  endeavor 
has   been   to   interest   the   architectural 
student  in  a   subject  worthy  of  careful 
attention — the    present    phase    of     the 
erratic  course  by  which  modern  art  pro- 
gresses has  brought  the  periods  I  have 
been  referring  to  to  the  front.     Whether 
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it  is  a  passing  "craze,"  as  some  would 
have,  and  we  are  to  return  to  the  earlier 
work,  or  whether,  having  run  through 
the  styles  of  all  centuries  from  the 
twelfth  to  the  eighteenth,  "to  get  our 
hands  in,"  we  shall  now  satisfactorily 
develop  a  nineteenth  century  school  of 
distinct  character,  is  a  question  I  should 
not  care  to  discuss.  But  of  this  I  am 
sure,  that  all  earnest,  laborious  work,  of 
whatever  age  or  style,  is  worthy  of 
study,  and  the   lesson  of  thoroughness 


may  well  be  learned  in  these  productions 
of  the  forge. 

"The  smith  also  sitting  by  the  anvil 
and  considering  the  ironwork,  the  vapor 
of  the  fire  wasteth  his  flesh,  and  he 
fighteth  "with  the  heat  of  the  furnace. 
The  noise  of  the  hammer  and  the  anvil 
is  ever  in  his  ears,  and  his  eyes  look  still 
upon  the  pattern  of  the  thing  that  he 
maketh.  He  setteth  his  mind  to  finish 
his  work,  and  watcheth  to  complete  it 
perfectly." 
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We  can  modify  the  rapidity  of  ignition 
of  powder,  first,  by  varying  the  size 
and  form  of  the  grains  or  individual 
masses;  secondly,  by  varying  the  density 
or  compactness  of  the  powder;  and 
thirdly,  by  variations  in  the  finish,  or 
the  nature  of  the  surfaces  of  the  grains 
or  masses.  These  are  the  three  most  im- 
portant means  which  have,  up .  to  the 
present  time,  been  used,  and  with  success, 
for  producing  the  necessary  modifications 
in  the  action  of  fired  gunpowder.  I  will 
just  show  you  the  difference  in  the  rapid- 
ity of  combustion  of  gunpowders  of  sim- 
ilar composition  but  of  different  sizes. 
Here  we  have  fine  grain  or  small-arm 
powder;  here  is  the  old  cannon  powder 
used  in  small  bore  guns,  and  for  a  short 
time  in  the  earliest  Armstrong  guns ;  and 
here  is  a  large  grain  powder,  subsequent- 
ly manufactured  for  rifled  guns.  This 
large  grain  powder  was,  at  the  time  of 
its  introduction,  regarded  as  a  great  ad- 
vance in  the  modification  of  the  rapidity 
of  burning  of  powder ;  but  within  a  short 
time  it  became  evident  that  this  powder 
was  too  violent  in  the  heavier  of  the 
charges  which  had  to  be  used.  The  next 
step  was  to  produce  a  powder  of  much 
larger  size,  and  of  uniform  shape  and 
size,  by  powerfully  compressing  meal 
powder  into  small  cylindrical  molds,  and 
thus  obtaining  pellets  of  powder  about  f 
inch  in  diameter,  and  finch  in  height, 
the  inflaming  surfaces  of  which  were  in- 
creased by  partially  perforating  them. 
This  was  the  first  very  large  powder 
which  was   introduced   in   England   for 


heavy  guns,  but  a  very  large  grain  pow- 
der had  just  previously  been  introduced 
in  America,  under  the  name  of  "mam- 
moth" powder,  and  a  much  larger  pow- 
der, of  prismatic  shape,  also  of  American 
origin,  was  adopted  about  the  same  time 
in  Russia  and  Prussia.  Soon  after  the 
adoption  of  pellet  powder,  in  order  to 
facilitate  manufacture,  a  powder  of  simi- 
lar dimensions  to  the  pellet,  but  of  irreg- 
ular size,  was  produced  by  us,  not  by 
molding  meal  powder  into  distinct  masses 
of  uniform  size,  but  by  compressing  it 
into  thick  cakes,  and  then  breaking  these 
up  into  pieces  of  a  particular  average 
size,  which  were  afterwards  deprived  of 
sharp  edges  and  angles  and  well  glazed. 
The  name  of  "pebble"  was  given  to  this 
powder.  The  average  size  of  the  pebbles 
is  about  §  in.  by  ^  in.,  and  one  of  them 
has  about  the  same  weight  as  110  parti- 
cles or  grains  of  the  rifle  large-grain 
powder  which  I  just  now  showed  you. 
I  will  now  compare  the  burning  of  these 
discriptions  of  powder,  and  you  will  no- 
tice the  great  difference  which  the  size 
of  the  individual  particles  makes  in  the 
rapidity '  of  explosion,  even  when  the 
powder  is  fired  in  the  open  air. 

These  powders  are  all  similar  in  their 
composition,  and  not  very  greatly  differ- 
ent in  density;  but  the  modification  of 
the  density  and  compactness  of  powder, 
as  I  have  said  before,  constitutes  a  very 
important  auxiliary  means  of  modifying 
the  rapidity  of  action  of  fired  gunpow- 
der. 

Although  the  pebble  powder  was  found 
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to  furnish  far  more  satisfactory  results 
than  the  rifle  large-grain  powder,  or  even 

than  the  pellet  powder  which  just  pre- 
ceded  its  introduction  into  our  service,  it 
occasionally  exhibited  a  serious  want  of 
uniformity  in  the  pressure  which  it  exer- 
cised in  the  gun,  especially  when  it  came 
to  be  employed  in  the  so-called  "  AVool- 
wich  Infants  " — the  35  and  38-ton  guns 
which  until  quite  recently  were  the  heavi- 
est guns  in  our-  service;  projectiles 
weighing  from  700  lbs.  to  800  lbs.  being- 
fired  from  them,  with  charges  of  120  lbs. 
to  160  lbs.  of  powder.  Occasionally, 
even  in  smaller  guns  than  these,  some 
exceptionally  severe  pressures  were  found 
to  be  exercised  by  this  powder  in  some 
parts  of  the  gun.  The  cause  of  these 
occasionally  unfavorable  results  were  very 
carefully  investigated  by  the  committee 
entrusted  with  this  work.  In  some  cases 
they  were  traced  to  an  exceptional  irregu- 
larity in  the  size  and  'shape  and  density 
of  the  individual  masses  of  powder,  but 
they  were  also  found  to  be  connected 
with  other  conditions  which  occur  in  the 
firing  of  heavy  charges  in  guns,  and 
which  I  regret  that  time  prevents  me 
from  discussing  in  detail.  I  must  con- 
tent myself  with  just  referring  to  one  of 
these  disturbing  causes. 

As  long  as  we  had  only  a  small  cart- 
ridge to  ignite,  it  mattered  little  where 
we  ignited  it,  whether  at  the  top  or  at 
end  furthest  from  the  shot,  the  ignition 
took  place  throughout  with  comparative 
uniformity.  But  as  soon  as  the  cart- 
ridges were  considerably  increased  in 
size,  and  the  column  of  powder  became 
a  comj^aratively  long  one,  it  made  a  con- 
siderable difference  where  the  cartridge 
was  ignited,  especially  when  we  came  to 
deal  with  a  comparatively  slow  burning 
powder.  If  the  cartridge  was  ignited  at 
the  rear,  the  gases  produced  by  the  first 
ignition,  rashing  with  great  velocity  to- 
wards the  shot,  would  be  checked  in 
their  career  by  the  inertia  which  it  op- 
posed to  them,  and  thus,  before  the 
whole  charge  was  ignited,  irregular  and 
locally  violent  pressures,  so-called  wave- 
pressures,  would  be  produced  in  the  bore 
of  the  gun.  This  action  was  in  the  first 
instance  diminished,  if  not  quite  got  over, 
by  the  simple  expedient  of  placing  the 
vent  of  the  gun  in  a  position  towards  the 
centre  of  the  charge,  so  that  the  flame 
produced   by   the    first    ignition    could 


spread  more  rapidly  through  the  differ 
ent  parts  of  the  charge.  But  when  we 
came  to  use  such  enormous  charges  as 
those  of  our  latest  guns — the;  SO  and 
100-ton  guns — charges  of  from  four  to 
five  hundred  pounds,  contained  in  cart- 
ridges 00  inches  and  upwards  in  length, 
then  special  expedients* had  to  be  tried, 
with  the  view  of  lighting  up  the  powder 
uniformly,  or  of  causing  the  flame  to 
spread  quickly  to  all  parts  of  the  cart- 
ridge. The  most  successful  of  these  ex- 
pedients was  to  ignite  the  cartridge  by  a 
small  charge  of  powder  placed  at  the  end 
of  a  species  of  conical  open  cage,  which 
reached  from  the  rear  end  of  the  cart- 
ridge up  to  about  the  center.  By  this 
arrangement,  which  you  here  see  repre- 
sented (diagram),  the  fire  from  the  vent 
is  very  quickly  conveyed  to  the  center  of 
the  charge,  and  communicates  through 
the  open  cage  to  the  different  parts  of 
the  cartridge. 

I  must  still  refer  to  another  expedient, 
the  result  of  careful  reasoning  and  sys- 
tematic experiment,  which  has  been 
adopted  with  great  advantage  in  regu- 
lating and  equalizing  the  pressures  de- 
veloped by  the  ignition  of  large  charges 
of  powder.  This  consists  in  so  making 
up  the  cartridge  that  it  shall  not  com- 
pletely fill  the  space  which  it  occupies  in 
the  gun,  so  that  an  air  space  is  provided 
at  the  seat  of  the  charge,  into  which  the 
gases  first  developed  from  the  powder 
expand,  whereby  the  pressure  at  the 
commencement  of  the  explosion,  or  the 
initial  pressure,  as  it  is  termed,  is  re- 
lieved, and  the  accumulation  of  pressure 
consequently  takes  place  more  gradually. 
For  if  the  pressure  in  the  powder-cham 
ber  of  the  gun  is  comparatively  low  at 
starting,  the  further  burning  of  the  pow- 
der will  take  place  more  gradually,  and 
the  pressure  will  increase  more  uniformly 
than  if  a  comparatively  high  pressure  be 
at  once  produced,  in  consequence  of  the 
very  small  space  which  the  gases  are 
compelled  to  occupy  at  first,  or  of  the 
l^owder  presenting  a  very  large  inflaming 
surface,  or  of  its  surface  being  very  ra- 
pidly inflammable.  In  providing  the  air 
space,  of  which  I  have  endeavored  to 
make  clear  to  you  the  advantage,  the 
most  convenient  mode  of  proceeding  is  to 
make  up  the  cartridge  so  much  smaller 
in  diameter  than  the  bore  or  powder- 
chamber  of  the  gun  as  is  necessary  for 
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affording  the  desired  total  space  in  which 
it  is  desired  to  inflame  the  charge,  the 
length  of  the  latter  being  of  course  pro- 
portionately increased.  The  space  might 
a^so  be  provided  by  leaving  an  interval 
between  the  cartridge  and  the  base  of 
the  shot ;  but  from  what  little  I  have 
said  regarding  the  occasional  production 
of  severe  local  pressures  in  the  gun,  and 
from  what  many  of  you  may  have  read  in 
the  public  prints  with  regard  to  one 
possible  explanation  of  the  recent  fear- 
ful calamity  on  board  the  Thunderer, 
you  will  be  prepared  to  hear  me  say  that 
it  is  only  possible  to  have  recourse  to 
this  mode  of  providing  air  space  for  the 
charge  to  a  limited  extent,  without  risk 
of  submitting  the  gun  to  the  distressing 
and  possibly  destructive  action  of  a  very 
sudden  and  violent  local  strain  near  the 
seat  of  the  shot.  For  if  a  considerable 
interval  exists  between  the  charge  and 
the  projectile,  the  products  of  explosion 
rapidly  generated  from  the  powder  will 
rush  into  this  air  space  with  so  high 
a  velocity  that,  upon  being  suddenly 
brought  up  by  the  projectile,  which  is 
still  stationary,  or  has  only  commenced 
to  move,  they  will  strike  a  blow  of  enor- 
mous force  upon  the  latter,  and  upon  the 
part  of  the  gun's  bore  immediately  in 
rear  of  it.  Remember,  I  am  not  speak- 
ing of  this  as  the  cause  to  which  the 
bursting  of  the  38-ton  gun  on  board  the 
Thunderer  is  to  be  ascribed,*  either 
wholly  or  in  part,  as  all  the  circum- 
stances attending  that  terrible  accident 
are  not  yet  thoroughly  known  to  us,  and 
perhaps  never  may  be,  sufficiently  to 
throw  proper  light  on  the  calamity.  I 
only  desire  to  point  out  that,  in  applying 
the  expedient  of  air  spaces  for  relieving 
the  pressure  developed  upon  the  ignition 
of  very  large  charges  in  guns,  such  an 
application  might  actually  be  productive 
of  mischievous  instead  of  beneficial  re- 
sults, if  proper  thought  were  not  given 
to  all  points  connected  with  the  action 
of  fired  gunpowder  in  a  confined  space. 

Before  leaving  the  subject  of  the  im- 
provements recently  effected  in  the  igni- 
tion and  the  mode  of  burning  of  large 
charges  of  powder  in  guns,  I  must  briefly 
refer  to  a  simple  device  which  has  been 
successfully  elaborated  with  decidedly 
beneficial  results,  its  effect  being,  on  the 

*  The  lecture  was  delivered  before  the  publication  of 
the  Report  of  the  Committee.— Ed.  S.  A.  Journal. 


one  hand,  to  utilize  more  thoroughly  the 
projectile  effect  of  the  force  of  exploding 
gunpowder,  and,  on  the  other  hand,  to 
protect  the  bore  of  the  gun,  especially 
that  part  situated  immediately  over  the 
shot,  from  a  kind  of  injury— sometimes 
by  no  means  inconsiderable — caused  by 
the  enormously  rapid  rush  of  gas  through 
the  small  space  existing  between  the  shot 
and  the  bore.  The  scoring,  or  so-called 
erosion,  of  the  surface  of  the  gun — due 
to  the  tearing  away  and  pushing  one 
over  the  other  of  the  metal  particles  by 
the  torrent  of  highly-heated  powder 
products  rushing  through  the  very  nar- 
row space — has  sometimes  been  so  con- 
siderable as  not  simply  to  affect  the  ac- 
curacy of  fire  of  the  gun,  but  also  to 
develop  cavities  in  the  metal,  especially 
in  the  direction  of  the  rifling,  which 
might  in  time  become  serious  sources  of 
weakness. 

This  peculiarly-shaped  disc  of  copper 
is  one  of  the  most  efficient  forms  of  so- 
called  gas  checks,  which  have  been  de- 
vised to  protect  guns  from  this  kind  of 
injury.  When  a  disc  of  this  kind  is 
fixed  to  the  base  of  the  projectile,  the 
first  effect  of  the  exploding  charge  is  to 
bring  the  flange  or  broad  rim  of  the  disc 
into  close  contact  all  round  with  the  sur- 
face of  the  gun,  including  that  of  the 
rifling,  and  thus  effectually  to  prevent 
escape  of  gas  past,  the  shot,  so  that  the 
scoring  action  is  guarded  against,  while, 
at  the  same  time,  the  force  of  the  explod- 
ing powder  is  more  thoroughly  utilized. 

And  now,  having  endeavored  to  give 
you  some  idea  of  the  means  employed, 
as  the  results  of  patient  systematic  in- 
vestigation, for  regulating  and  at  the 
same  time  utilizing  more  completely  than 
formerly  could  be  done,  the  explosive 
force  of  gunpowder  when  used  in  large 
charges,  and  in  the  form  of  the  large 
fragments  which  I  have  described  under 
the  name  of  pebble  powder,  I  have  only 
to  add  a  few  words  to  this  very  long 
story,  for  the  purpose  of  making  you 
acquainted  with  the  very  latest  modifica- 
tions which  gunpowder  has  undergone. 

In  order  to  test  still  further  the  effect 
of  increase  of  the  size  of  the  masses  upon 
the  regularity  of  burning,  and  the  maxi- 
mum and  mean  pressures  developed  by 
very  large  charges,  experiments  were 
made  in  the  Woolwich  Infants,  with  gun- 
powder of  considerably  larger  size  than 
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pebble  powder,  and  the  most  satisfactory 
results,  generally,  were  furnished  by  a 
dense  powder,  in  the  form  of  roughly- 
shaped  cubes,  with  rounded  edges  about 
1|  in.  in  diameter.  This  powder,  which 
is  produced  like  the  smaller  pebble  by 
breaking  up  large  cakes  of  compressed 
powder  of  proper  thickness  into  masses 
of  the  required  size  (but  naturally  of 
somewhat  variable  dimensions)  now  con- 
stitute the  service  powder  for  our  largest 
guns.  It  is  of  this  powder  that  charges 
of  from  400  lbs.  to  425  lbs.  are  fired  in 
our  80-ton  guns,  for  the  purpose  of  pro- 
pelling shot  1,750  lbs.  in  weight. 

But.  although  good  results  are  fur- 
nished by  this  powder,  we  are  not  content 
to  rest  in  our  labors,  but  are  aiming  at 
further  desirable  improvements.  Experi- 
ments have  been  made  by  us  with  even 
larger  powders  than  our  1^-inch  pebble, 
and  it  is  not  impossible  that  we  may  even 
come  to  build  up  our  gigantic  cartridges 
for  the  80  and  100-ton  guns  of  large 
slabs,  of  the  full  diameter  of  the  car- 
tridge ;  or  there  may  be  other  directions 
in  which  we  may  be  led  to  work,  with 
prospects  of  fruitful  results,  than  that  of 
the  variation  of  inflaming  surface  and 
density,  with  the  object  of  increasing  the 
power,  while  not  interfering  with  the 
longevity,  of  our  large  guns. 

And  here  I  should  state  that  while  we 
have  been  active  in  the  improvement  of 
gunpowder,  the  Italians,  who  have  been 
most  intelligent  artillerists  from  early 
days,  and  have  of  late  devoted  a  large 
amount  of  scientific  acumen  as  well  as 
considerable  resources  to  the  develop- 
ment  of  the   power   of  guns,  have  not 


been  standing  still  in  the  matter  of  gun- 
powder. In  fact  they  have  been  stealing 
a  march  upon  us,  for  they  have  produced 
a  powder — a  modified  form  of  our  larg- 
est powder — which  gives  even  better  re- 
sults than  those  we  have  as  yet  been  able 
to  obtain  in  our  largest  guns.  By  means 
of  a  new  system  of  building  up  their 
masses  of  powder,  they  appear  to  have 
been  very  successful  in  attaining  with  it, 
in  the  first  instance,  comparatively  slow 
action,  followed  up  by  a  quick  action  of 
the  charge,  and  a  subsequent  uniform 
sustainment  of  moderate  pressure.  In  a 
recent  trial,  whereas  463  lbs.  of  our  large 
powder  gave,  with  a  2,000-lb.  shot,  in 
the  100-ton  gun,  a  velocity  of  about  1,600 
feet,  with  a  pressure  of  about  21  tons  on 
the  square  inch,  the  Italians  were  able 
to  use  110  lbs.  more  of  their  new  powder 
with  the  same  weight  of  shot,  imparting 
to  the  shot  100  feet  more  velocity  than 
obtained  with  our  powder,  while  the 
mean  pressure  in  the  gun  was  three  tons 
per  square  inch  below  that  which  our 
powder  developed. 

Results  a  little  superior  to  the  best 
winch  have  been  furnished  with  the  80-ton 
gun  by  our  large  powder  have,  moreover, 
been  recently  obtained  by  us  in  a  trial 
which  we  have  made  of  the  latest  form 
used  by  the  Germans,  the  prismatic 
powder  to  which  I  have  already  referred. 
If  any  incentive  were  required  for  con- 
tinued exertions  on  our  part  for  the  im- 
provement of  gunpowder,  it  would  be 
furnished  by  these  evidences  of  the  in- 
telligent activity  of,  and  of  successes 
achieved  in  the  same  direction  by,  artil- 
lerists of  other  countries. 


LIGHTHOUSE  ENGINEERING. 

From  "  The  Engineer." 


The  foundation  stone  of  the  new  Ed- 
dystone  Lighthouse  was  laid  June  21,  by 
the  Duke  of  Edinburgh,  in  presence  of 
the  Prince  of  "Wales.  The  progress 
which  has  been  made  in  lighthouse  en- 
gineering since  the  first  stone  of  the  ex- 
isting lighthouse  was  laid  has  not  been 
small ;  and  yet  it  is  not  quite  so  appar- 
ent as  might  be  supposed.  Let  us  see 
in  what  it  consists.     Let  us  compare  the 


practice  of  lighthouse  engineering  in  the 
present  day  with  its  condition  in  the 
days  of  its  great  professor,  John  Sniea- 
ton.  As  regards  the  form  given  to  such 
structures  very  little  advance  has  been 
made  on  Smeaton's  famous  design,  for 
the  sufficient  reason  that  very  little  ad- 
vance was  possible.  The  contour  of  the 
new  "Eddystone"  will  not  essentially 
differ   from  its  predecessor,    though  its 
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dimensions  will  considerably  exceed  those 
of  Smeaton's  column.  Its  engineer — 
Mr.  John  N.  Douglass — has  described 
the  proposed  building  as  "a  concave 
elliptic  frustrum,  the  generating  curve  of 
which  has  a  semi- transverse  axis  of  178 
feet,  and  a  semi-conjugate  axis  of  37 
feet."  Nor  is  there  any  important  differ- 
ence in  the  material  now  used  in  the 
fabric  of  rock  lighthouses  from  that 
which  was  employed  by  Smeaton,  except- 
ing that  whereas  the  first  rock  tower  was 
constructed  externally  of  granite,  with 
internal  blocks  of  Portland  stone,  its  suc- 
cessors are  usually  composed  entirely  of 
the  former,  of  a  superior  quality  to  the 
"moorstone"  which  Smeaton  procured 
from  the  .  quarries  of  Lanlivery.  Stone 
has,  indeed,  been  used  in  most  of  the 
rock  lighthouses  that  have  been  recently 
erected.  The  last  attempt  in  this  coun- 
try to  construct  a  rock  tower  of  any 
other  material  was  that  memorable  in 
connection  with  the  Bishop  Rock,  off  the 
Scilly  Islands.  The  first  lighthouse  de- 
signed for  this  site,  in  1848,  was  of  iron; 
but,  when  the  building  had  been  raised 
to  the  necessary  height  for  receiving  the 
lantern,  it  was  completely  Swept  away  by 
the  sea.  It  is  said  that  the  executive 
engineer  of  this  lighthouse,  and  of  the 
present  noble  tower  which  was  com- 
menced immediately  after  the  above- 
named  catastrophe,  regarded  with  perfect 
complacency  the  unsuccessful  termina- 
tion of  his  zealous  endeavours  to  raise 
the  iron  edifice.  He  had  never  concealed 
his  dislike  for  the  type  of  structure  with 
the  erection  of  which  he  had  been  en- 
trusted, and  probably  now  felt  that  it 
was  better,  both  on  grounds  of  economy 
and  humanity,  that  the  house  should  be 
demolished  at  this  stage  of  its  existence, 
than,  like  Winstanley's  famous  building, 
when  completed  and  inhabited. 

In  reference  to  the  general  dimensions 
and  internal  method  of  construction  of 
Smeaton's  tower,  compared  with  modern 
rock  lighthouses,  a  brief  description,  in 
these  respects,  of  the  present  and  pro- 
posed Eddystone  will  sufficiently  indicate 
their  essential  points  of  difference. 
Smeaton's  lighthouse  has  its  base  32  feet 
in  diameter,  and  the  focal  plane  of  its 
light  72  feet  above  high-water,  with  an 
illuminated  range  of  fourteen  nautical 
miles.  It  has  four  rooms,  12^  feet  in 
diameter,  in  addition  to  the  lantern,  and 


contains  about  13,343  cubic  feet  of  stone. 
The  new  lighthouse  will  have  its  base  44 
feet  in  diameter,  and  the  focal  plane  of 
its  light  130  feet  above  high-water,  with 
an  illuminated  range  of  seventeen  and  a 
half  nautical  miles.  It  will  have  nine 
rooms,  the  seven  uppermost  being  14  feet 
in  diameter,  in  addition  to  the  lantern,, 
and  will  contain  about  69,100  cubic  feet 
of  granite.  In  Smeaton's  tower  there 
are  636  stone  joggles,  1800  oak  trenails, 
4,570  pairs  of  oak  wedges,  eight  circular 
floor  chains,  and  226  iron  cramps.  In 
modern  rock  towers  scarcely  any  such, 
appliances  are  now  used,  though  compo- 
sition metal  bolts,  slit  and  wedged  at 
both  ends,  are  employed  in  fastening 
down  the  foundation  courses.  The  pres- 
ent system  of  dovetailing  the  stones  one 
into  the  other  is  indeed,  so  complete,  and 
the  modern  quick-setting  cements  possess 
such  an  advantage  for  hydraulic  work 
over  the  mixture  of  blue  lias  and  terra- 
puzzulano  limes  used  for  the  blocks  of 
Smeaton's  lighthouse,  that,  excepting 
where  the  courses  come  in  contact  with 
the  rock,  no  necessity  exists  for  separate 
joggling  and  trenailing.  Smeaton's 
method  of  bonding  was,  like  every  other 
mechanical  arrangement  which  his  skill- 
ful mind  devised  or  adapted,  character- 
ised by  extreme  ingenuity,  and  was  the 
first  successful  application  to  masonry  of 
a  process  which  had  previously  been 
almost  exclusively  confined  to  carpentry. 
In  his  writings — to  which  Robert 
Stephenson  always  referred  young  engi- 
neers when  they  asked  him  what  they 
should  read — Smeaton  relates  minutely, 
as  is  his  wont,  the  development  of  his 
mode  of  dovetailing,  from  the  first  hints 
he  received  by  observing  the  manner  in 
which  the  kerbs  along  the  London  foot- 
paths were  fixed,  to  the  elaborate  system 
which  he  eventually  "maturated,"  as  he 
calls  it,  and  applied  to  the  Eddystone 
Lighthouse.  It  is  therefore,  only  neces- 
sary that  we  should  here  notice  the  latest 
and  best  example  of  that  system.  This 
is  the  invention  of  Mr.Nicholas  Douglass, 
and  has  thus  been  explained  by  the  present 
engineer  to  the  Trinity  House: — "  It  con- 
sists in  having  a  raised  dovetailed  band, 
3  in.  in  height  on  the  top  bed  and  one 
end  joint  of  each  stone.  A  corresponding 
dovetailed  recess  is  cut  in  the  bottom 
bed  and  end  joint  of  the  adjoining  stones, 
with    just    sufficient    clearance    for   the 
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raised  band  to  enter  it  freely  in  Betting. 
The  work,  when  thus  put  together,  and  set 

in  Portland  cement  is  nearly  as  homogene- 
ous as  solid  granite." 
But,  leaving  this  branch  of  the  subject, 

and  coming  next  to  the   consideration  of 
the  mode  of  carrying  on  the  operations 

i.  the  wonderful  growth  of  mechani- 
cal science  during  the  present  century 
confers,  of  course,  immense  advantages 
for  the  prosecution  of  these  labors  over 
those  which  Snieaton  enjoyed.  Foremost 
among  such  is  the  facility  with  which  the 
transport  of  material  from  the  workyard 
to  the  rock,  and  the  landing  and  deposit- 
ing of  it  thereat,  are  effected  by  steam 
power.  The  material  of  Smeaton's  tower 
had  to  be  con  sr  eyed  from  Milbay  to  the 
Eddystone  in  sailing  craft,  which  were 
often  hindered  by  adverse  winds,  or  none  j 
at  all,  and  thus  sometimes  occupied  days 
in  reaching  the  rock;  and  the  work  of  dis- 
charging and  placing  in  position  their 
cargoes  was  a  slow  and  laborious  task 
with  the  crude  gear  then  available  for 
such  purposes.  The  vessel  now  employed 
in  conveying  from  Oreston  to  the  Eddy-  | 
stone  the  material  for  the  new  structure  j 
is  a  twin-screw  steamer,  capable  of  carry- 
ing 120  tons,  and  of  performing  the  pass- 
age in  a  little  over  an  hour.  She  is  fitted 
with  a  pair  of  double  barrel  steam 
winches,  by  which  the  stones  for  the 
lighthouse  will  be  hoisted  on  board, 
hoisted  again  to  the  deck,  and  thence  to 
the  rock,  besides  pumping  out  the  water 
from  the  foundations  at  each  tide.  An- 
other steam  winch  fixed  on  the  tower  will 
hoist  the  stones  into  position.  The  rock 
drill  is  also  now  proving  a  useful  instru- 
ment for  the  excavation  of  the  foundations 
of  rock  lighthouses.  One  of  the  best  of 
these  tools  will  do  as  much  boring  in  an 
hour  as  was  executed  by  ten  of  Smeaton's 
Comish  "tinners"  with  their  jumpers. 
Nothing  can  demonstrate  more  forcibly 
the  celerity  with  which  the  rock  oper- 
ations in  connection  with  the  building  of 
sea  lighthouses  are  now  carried  on,  than  I 
a  statement  of  the  actual  time  that  the ! 
men  were  employed  on  the  rock  in  rais- 
ing his  tower,  and  the  time  now  required 
for  raising  even  a  larger  structure.  The  ! 
total  number  of  hours  worked  on  the 
rock  in  the  erection  of  Smeaton's  light- 
house, which  contains,  as  already  stated, 
13,343  cubic  feet  of  stone,  was  2674.  The 
total  number   of  hours  worked   on  the ' 


rock  in  the  erection  of  the  Wolf  light- 
house— lighted  in  January,  LS70 — which 
contains  59,070  cubic  feet  of  stone,  was 
1810.  In  other  words,  the  landing  and 
building  operations  of  a  rock  lighthom 
which  now  occupy  an  hour,  would  have 
occupied  an  engineer  in  Smeaton's  day 
six  hours  thirty-two  minutes.  But  the 
most  important  development  of  which  we 
have  to  speak,  in  connection  with  our  sub- 
ject, is  that  which  relates  to  the  optical 
branch  of  lighthouse  engineering.  And, 
first,  let  us  deal  with  the  lantern  as  an 
essential  element  in  reference  thereto. 
Smeaton's  lantern  was  of  the  square  type, 
having  massive  horizontal  and  vertical 
sash  bars,  which  obstructed,  in  certain 
directions,  nearly  50  per  cent,  of  the  light 
from  the  lamps.  This  type  of  lantern 
has  not  long  become  obsolete  in  our 
lighthouse  service,  and  until  quite  re- 
cently was  the  only  one  used  in  the 
lighthouse  service  of  the  United  States. 
It  was,  however,  a  source  of  infinite  mis- 
chief ;  for  not  unfrequently  one  of  its 
vertical  sashes,  interposing  between  the 
light  and  the  point  of  observation,  proved 
so  complete  a  barrier  that  mariners  have 
reported  a  light  extinguished  altogether, 
when  it  was  merely  thus  practically  ex- 
tinguished to  them.  The  late  Mr.  Allan 
Stevenson  and  Mr.  James  Walker,  by 
adopting  inclined  framing  and  otherwise, 
greatly  improved  this  old  form  of  lantern, 
and  in  1864  the  present  engineer  to  the 
Trinity  House  invented  his  cylindrical 
helically  framed  lantern,  now  solely  used 
fornewT  English  lighthouses,  which  be- 
sides being  optically  perfect  in  form,  and 
posessing  a  maximum  of  strength,  offers 
a  minimum  of  obstruction  to  the  light 
sent  from  the  illuminating  apparatus. 

In  fact,  such  shadow  as  the  framing 
of  this  lantern  casts  was  reported  by  Far- 
aday to  be  entirely  lost  at  a  distance  of  less 
than  100ft.  And  now  in  the  last  place,  we 
come  to  the  light  itself.  Smeaton's 
tower  was  illuminated  by  twenty-four 
tallow  candles — five  weighing  2  lbs. — 
which  combined  were  equivalent  to  67 
standard  sperm  candles  of  the  present 
day.  They  were  hoisted  on  a  chandelier 
without  any  optical  arrangement  for 
directing   their   beams   to   the   sea. 

Consequently  a  large  proportion  of 
even  their  feeble  power  was  lost  to  the 
mariner.  In  1810  twenty-four  argand 
lamps  and  reflectors  were  substituted  for 
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the  candles.     Thirty-five  years  later  an 
optical  apparatus,  on  the  dioptric  system 
of  Augustin  Fresnel,  took  the  place  of  the 
argand  burners;  and  in  1872  the  4-wick 
Trinity  House  lamp  was  substituted  for  the 
one  of  three  wicks  previously  used,  the  net 
result  of  this  series  of  improvemnnts  being 
to  augment  the  light,  when  sent  to  the  mar- 
iner, from  67  to  73.25,  standard  candles. 
We    understand  the    corporation    of 
Trinity  House  have  not  yet  decided  on 
the  character  of  the    dioptric    apparatus 
for  the  new  Eddystone;  but,  as  it  is   it  I 
will  doubtless  be  of  the  first  order,  where- 1 


as  the  present  apparatus  is,  for  want  of 
area  in  the  lantern,  only  of  the  second 
order,  will  embody  all  the  most  modern 
improvements  in  opticial  pharology;  and 
will  probably  be  one  of  the  group-flashing 
class  of  apparatus,  which  the  Trinity 
House  is  now  extensively  adopting,  both 
because  of  their  accumulative  properties, 
and  their  eminently  distinctive  character. 
Its  light  may  be  expected  to  considerably 
surpass  in  brilliancy  and  effectiveness  the 
splendid  beam  which  now  issues,  but  will 
soon  cease  to  shine,  from  Smeaton's  noble 
tower. 


A  NEW  THEORY  OF  TERRESTRIAL  MAGNETISM. 


By  Profs.  PERRY  AND  AYRTON. 
From  "The  Journal  of  Science." 


At  the  meeting  of  the  Physical  Society, 
in  April,  Mr.  Ayrton  explained,  on  behalf 
of  Prof.  Perry  and  himself,  a  theory  of 
terrestrial  magnetism  which  has  the 
great  novelty  that  it  makes  the  existence 
of  the  earth's  magnetism  depend  solely 
on  the  earth's  daily  rotation,  and  does 
not  require,  as  do  all  other  theories  based 
on  electro-magnetic  phenomena,  the  ex- 
istence of  other  bodies  in  the  universe. 
In  fact,  they  have  arrived  at  the  result 
that  if  any  body  of  any  material  has  a 
static  electric  charge,  and  if  it  rotates 
about  an  axis,  then  per  se  there  wili  be  a 
magnetic  field  in  the  interior  of  this  body 
as  well  as  in  the  neighborhood  outside. 

In  1876  Mr.  Eowland,  working  in  Pro- 
fessor Helmholtz's  laboratory,  proved 
experimentally  that  a  quantity  of  electri- 
city in  mechanical  motion  acted  like  an 
electric  current  in  deflecting  a  magnet; 
and  it  is  on  this  result  that  Profs.  Perry 
and  Ayrton  have  based  their  whole  the- 
ory. For  they  point  out  that  since 
2>oints  near  the  surface  of  the  earth  have 
different  linear  velocities  from  those  in 
the  interior  (although  all  the  points  have 
the  same  angular  velocity  of  rotation 
round  the  earth's  axis),  it  follows  that  if 
the  earth  had  an  initial  electrical  charge, 
residing,  of  course — in  accordance  with 
the  well-known  electrical  law — on  its 
surface,  the  electrified  particles  would 
have  velocities  relative  to  the  remainder; 


hence,  as  a  direct  consequence  of  the  re- 
sults of  the  experiments  published  by 
Professor  Helmholtz,  the  interior  of  the 
earth  would  be  a  magnetic  field,  quite  in- 
dependently of  its  interior  constitution, 
and  precisely  similar  reasoning,  of 
course,  proves  that  outside  of  the  earth's 
surface  there  would  also  be  a  magnetic 
field. 

In  order  to  solve  the  difficult  problem 
of  determining  the  electro-magnetic  po- 
tential at  any  place,  they  have  calculated 
the  magnetic  forces  produced  at  any 
point,  first  by  the  rotation  of  a  small 
electrified  area  on  the  surface  of  the 
earth,  and  then,  by  summation,  the  force 
produced  by  the  rotation  of  the  whole 
electrified  surface ;  and  they  have  shown 
that  these  forces  are  the  same  as  would 
be  produced  by  certain  definite  distribu- 
tions of  attracting  matter  over  the  earth's 
surface,  from  which,  by  the  use  of  spher- 
ical harmonics,  they  have  arrived  at'  the 
conclusion — that  if  the  earth  had  an  angu- 
lar velocity  of  rotation  around  its  axis  w, 
and  a  uniform  electric  density  cr,  then 
there  must  be  an  electro-magnetic  poten- 
tial at  any  point  inside  the  earth  equal 
to— 

4t7t 

-^-2  a  w  r  cos  6, 
o 

and  at  any  point  outside  the  earth — 
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where  the  unit  of  length  is  the  earth's 
radius,  r  the  distance  from  the  earth's 
center  of  the  place  in  question,  and  0  its 
co-latitude. 

Now  this  electro-magnetic  potential 
will  be  accompanied  with  certain  mag- 
netic forces  varying  from  point  to  point, 
and  the  magnitude  of  these  forces  will 
depend  on  the  interior  constitution  of 
the  earth.  As  an  example  of  their  con- 
clusion they  examine  what  would  be  the 
distribution  of  magnetic  intensity  if  the 
earth  consisted  of  a  hollow  iron  shell, 
and  they  have,  using  Poisson's  formula, 
arrived  at  the  following  result : — If  such 
an  iron  shell  has  an  initial  uniform  charge 
of  static  electricity,  and  if  it  has  an  an- 
gular velocity  of  rotation  round  a  diam- 
eter, then,  independently  of  all  other 
bodies  in  the  universe,  and  independently 
of  the  coefficient  of  magnetization  of  the 
iron,  there  will  be  at  any  point  on  the 
surface  of  the  sphere,  having  a  latitude 
A,  a  magnetic  force  proportional  to — 


a/1  +  3  sin2 A. 

But  this  result  is  the  same  as  that  given 
by  Biot's  well-known  law  for  the  distri- 
bution of  magnetic  intensity  on  the 
earth's  surface,  hence  giving  considera- 
ble probability  to  their  theory. 

It  is  important  to  notice  that  in  pre- 
vious examinations  of  the  earth's  magnet- 
ism, it  has  been  usual  to  start  with  the 
known  law  of  distribution  of  magnetic 
intensity,  and  then  deduce  what  arrange- 
ment of  magnets,  &c,  inside  the  earth, 
would  lead  to  this  distribution ;  but,  in 
this  new  theory  of  Profs.  Perry  and  Ayr- 
ton,  they  start  merely  with  an  experi- 
ment described  by  Prof.  Helmholtz,  of 
the  effects  of  a  rotating  electrified  body, 
and  show  from  this  that  the  earth,  by 
its  rotation  alone,  must  be  magnetic,  and 
next  prove  that  if  there  be  an  iron  shell, 
thick  or  thin,  in  the  earth,  then  the  dis- 
tribution of  magnetic  intensity  on  the 
earth's  surface  will  be  the  same  as  is 
known  to  exist  from  observation. 

Next,  as  regards  the  sign  of  the  elec- 
tric charge  on  the  earth's  surface  required 
to  produce  the  earth's  magnetic  polar- 
ity— Is  it  in  accordance  with  the  known 
phenomena  of  atmospheric  electricity? 
Vol.  XXI.— No.  2—15 


To  produce  the  earth's  magnetism  we 
must  have,  in  accordance  with  the  known 
laws  of  electro  -  magnetism,  a  negative 
current  flowing  from  west  to  east,  or  in 
the  direction  of  rotation  of  the  earth. 
In  the  language  of  the  new  theory,  there- 
fore, the  surface  of  the  earth  must  be 
negatively  charged,  but  Sir  William 
Thomson  has  proved,  by  observations 
with  his  electrometer,  that  all  the  phe- 
nomena brought  to  light  by  atmospheric 
electricity,  on  a  fine  day,  would  be  ob- 
served just  as  they  are  if  the  earth  had  a 
negative  charge. 

Again,  in  order  to  get  a  rough  approx- 
imation of  what  sum  be  the  difference  of 
electric  potential  between  inter-planetary 
space  and  the  earth,  so  that'  its  own  elec- 
tric charge  alone  combined  with  its 
known  rate  of  rotation  round  its  axis 
shall  produce  the  earth's  magnetic  mo- 
ment, as  determined  by  Gauss,  Profs. 
Perry  and  Ayrton,  take  as  an  example,  a 
solid  sphere  of  iron  of  the  size  of  the 
earth,  and  rotating  with  the  earth's 
known  rate  of  rotation,  and  they  prove 
mathematically  that  something  like  a 
difference  of  potential  a  hundred  million 
times  the  electromotive  force  of  a  single 
Daniell's  cell  would  be  sufficient  for  this 
purpose.  They  notice  that  there  is  no 
difficulty  in  imagining  such  a  difference 
of  potential  to  exist  between  the  earth 
and  inter-planetary  space,  seeing  that 
there  exists  between  the  earth  and  the 
planets  an  enormous  region  of  space 
having  an  insulation  far  higher  than  that 
of  such  a  vacuum  as  experiment  has 
shown  will  not  allow  the  passage,  from 
one  point  to  another  very  near  it,  of  a 
spark  produced  by  a  large  induction  coil. 

Lastly,  they  draw  attention  to  the  fact 
that  they  have  assumed  the  distribution 
of  the  electric  charge  on  the  earth's  sur- 
face to  be  uniform,  and  so  have  arrived 
at  a  distribution  of  magnetic  intensity 
dependent  only  on  the  latitude  of  the 
place,  but  that  since  it  is  possible  that 
the  sun  and  planets  may  have  potentials 
differing  immensely  from  that  of  the 
earth,  it  might  be  expected  that  the  dis- 
tribution of  electric  charge  on  the  earth's 
surface,  and  consequently  the  magnetic 
intensity,  would  have  variations  like 
those  of  the  tides,  in  fact,  such  variations 
as  are  known  to  exist ;  also,  that  it  would 
be  anticipated  that  any  sudden  formation 
of  vapor  on  the  earth's  surface,  or  alter- 
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ation  of  the  sun's  atmosphere,  or  anything 
causing  change  in  the  lines  of  static  elec- 
tric induction  from  the  sun  to  the  earth 
ought  to  cause  disturbances  such  as  we 
know  as  magnetic  storms.  The  align- 
ments of  planets  with  the  sun  and  earth, 
again,  or  the  proximity  of  planets  to  the 
sun  having  less  than  the  average  differ- 
ence of  electric  potential  from  it,  ought 
to  diminish  the  disturbances  in  the  solar 
envelope  and  produce  the  alteration  of 
sun-spots  and  terrestrial  magnetism 
which  is  known  to  accompany  such  plan- 
etary motions.     And,  lastly,  the  authors 


point  out  that  the  known  lagging  of 
changes  in  terrestrial  magnetism  behind 
variations  in  the  sun-spots  would  be  ex- 
plained if  the  great  pressure  to  which 
the  iron  in  the  earth's  interior  is  sub- 
jected produces,  as  is  very  probable,  con- 
siderable coercitive  force,  for  such  coer- 
citive  force  would  necessarily  cause 
changes  in  the  magnetic  intensity  to  lag 
behind  the  disturbances  in  the  earth's 
electric  charge  produced  by  alterations 
in  the  static  induction  of  the  sun  and 
planets. 


THE  SLIPPING  OF  LOCOMOTIVE  DRIVING  WHEELS. 

By  P.  OPPIZI. 

From  Abstracts  of  Papers  published  by  Institution  of  Civil  Engineers. 


The  slipping  of  locomotive  driving- 
wheels  has  lately  come  prominently  into 
notice,  through  the  extensive  trials  re- 
cently conducted  in  France  by  M.  Ra- 
beuf,  which  have  brought  to  light  the 
fact  that  this  phenomenon,  so  far  from 
being  occasioned  merely  by  exceptional 
or  accidental  circumstances,  is  one  of 
much  more  general  occurrence  in  the 
regular  working  of  locomotive  engines 
than  has  hitherto  been  supposed.  A 
slip  varying  from  13  to  25  per  cent,  on 
falling  gradients,  and  increasing  rapidly 
with  the  speed,  as  established  by  M.  Ra- 
beuf's  trials,  would  appear  an  inexplica- 
ble anomaly,  Signor  Oppizzi  considers, 
unless  the  co-efficient  of  adhesion  be- 
tween the  wheels  and  rails,  instead  of 
being  regarded  as  dependent  simply  upon 
the  nature  and  condition  of  the  surfaces 
in  contact,  be  supposed  to  be  also  a  func- 
tion of  a  second  independent  variable, 
namely,  the  speed;  and  this  element 
must  enter  into  the  co-efficient  in  such  a 
manner,  that  when  the  speed  increases 
beyond  a  certain  amount  the  co-efficient 
itself  shall  diminish  rapidly. 

In  treating  the  question  of  the  slipping 
noted  in  M.  Rabeuf's  trials,  MM.  Des- 
mousseux  de  Givre  and  J.  Morandiere, 
although  admitting  the  hypothesis  that 
the  co-efficient  of  adhesion  diminishes 
with  increase  of  speed,  appear  to  attach 
less  importance  to  this ;  their  view  seems 
rather  to  be  that  the  excessive  slipping 


at  high  speeds  is  to  be  attributed  to  the 
unsteadiness  of  the  mass  suspended  on 
the  engine  springs,  its  equilibrium  being 
disturbed  by  the  action  of  the  steam  and 
by  the  inertia  of  the  moving  parts,  the 
effect  of  which  would  be  to  ease  the  loads 
successively  off  the  several  springs,  there- 
by diminishing  the  adhesion.  "Whilst, 
however,  Signor  Oppizzi  does  not  dispute 
that  want  of  steadiness  must  interfere 
seriously  with  the  tractive  efficiency  of  a 
locomotive,  neither  does  he  therefore 
agree  that,  even  if  complete  steadiness 
were  attained,  the  slipping  would  there- 
by be  got  rid  of,  or  be  greatly  reduced. 
Without  having  recourse  to  any  such 
complicated  arrangements  as  have  been 
proposed  for  securing  increased  steadi- 
ness of  the  engine,  the  slipping,  he  is 
convinced,  might  be  greatly  diminished 
if  more  attention  were  devoted  to  better 
regulating  the  mode  of  action  of  the  mo- 
tive force,  so  that  this  should  be  utilized 
to  the  utmost  extent,  and  in  the  best 
manner  possible,  by  the  adhesion  avail- 
able. 

To  this  opinion  he  is  led  by  what 
is  matter  of  common  observation  in  the 
working  of  locomotives:  namely,  that 
when  the  driving  wheels  are  slipping  al 
most  continuously,  it  is  by  partially  shut- 
ting the  regulator,  and  by  shifting  the 
reversing  lever  to  a  lower  grade  of  ex- 
pansion, that  the  slipping  is  arrested  and 
its  recurrence  prevented;  and  the  object 
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is  accomplished  even  better  by  these 
means  than  by  sanding  the  rails. 

From  an  analytical  investigation,  in 
which  the  obliquity  of  the  connecting- 
rod  is  neglected,  the  Author  shows  that, 
so  long  as  no  slipping  occurs,  the  well- 
known  relation  holds  good  between  the 
engine  power  and  the  tractive  resistance 
overcome  by  it :  namely,  that  the  pro- 
duct of  the  total  mean  effective  pressure 
in  the  cylinders,  multiplied  by  twice  the 
length  of  stroke,  is  equal  to  the  product 
of  the  whole  train  resistance  (including 
that  of  the  engine  and  tender),  multiplied 
by  the  circumference  of  the  driving 
wheel.  On  an  incline,  say  of  1  in  200, 
the  train  resistance  differs  from  that  on 
a  level  to  the  extent  of  being  augmented 
or  diminished  by  the  addition  or  deduc- 
tion of  -g-J-jy  part  of  the  train's  weight, 
according  as  the  gradient  is  rising  or 
falling. 

This  relation,  however,  based  on  the 
assumption  that  no  slipping  occurs, 
can  only  be  relied  upon  to  hold  good  so 
long  as  the  train  resistance,  acting  at  the 
radius  of  the  driving  wheels,  is  kept  so 
far  below  the  limit  of  the  adhesion  acting 
at  the  same  radius,  as  to  leave  a  sufficient 
margin  for  allowing  of  the  fluctuations 
in  the  engine  power,  which  arise  in  each 
revolution  from  the  combined  effect  of 
the  varying  steam  pressure  in  the  cylin- 
ders during  each  stroke,  and  of  the  vary- 
ing leverage  with  which  this  pressure 
acts  at  the  cranks.  For  security  against 
slipping,  therefore,  it  is  not  enough  that 
the  mean  of  the  engine  power,  exerted 
during  any  revolution,  should  not  surpass 
the  adhesion  available  at  the  circumfer- 
ence of  the  driving  wheels ;  but  it  is 
necessary  farther  to  ensure  this  limit  not 
being  exceeded  at  the  particular  points 
at  which  the  maximum  power  occurs  in 
the  revolution.  The  graphic  method  is 
accordingly  adopted  by  the  Author  for 
practically  solving  this  problem  in  any 
given  instance.  An  undulating  curve  is 
plotted  to  rectangular  co-ordinates,  the 
abscissae  representing  the  lengths  of  arc 
described  by  the  crank  pin,  while  the 
ordinates  are  drawTi  proportional  to  the 
corresponding  driving  moments  in  suc- 
cessive angular  positions  of  the  cranks. 
The  effective  steam  pressure,  at  successive 
points  of  the  stroke,  is  either  ascertained 
direct  by  indicator  diagrams,  or  is  calcu- 
lated with  the  aid  of  a  valve-motion  dia- 


gram for  various  grades  of  expansion; 
and  the  leverage  at  the  crank  is  found  by 
a  crank-motion  diagram,  in  which  the 
obliquity  of  the  connecting-rod  can  be 
correctly  included.  The  maximum  or- 
dinates to  the  curve  are  then  seen,  denot- 
ing the  points  at  which  in  each  revolu- 
tion the  engine-power  attains  its  maxi- 
mum. On  the  same  diagram  the  moment 
of  the  available  adhesion  at  the  circum- 
ference of  the  driving  wheels  is  repre- 
sented by  a  horizontal  straight  line, 
which  will  preserve  a  constant  height 
above  the  base  line  so  long  as  the  coeffi- 
cient of  adhesion  between  the  wheels  and 
rails  remain  constant ;  but  when  by 
higher  speeds  the  coefficient  becomes 
less,  the  horizontal  line  representing  the 
adhesion  moment  will  also  drop  to  a  cor- 
respondingly lower  level.  Whenever  a 
maximum  engine  power  or  driving  mo- 
ment is  in  excess  of  the  adhesion  mo- 
ment, slipping  will  ensue ;  and  its  extent 
will  correspond  with  the  magnitude  and 
duration  of  that  excess. 

The  result  of  M.  Rabeuf  s  trials  is  con- 
sidered by  the  Author  to  be  in  this  way  ac- 
counted for;  and  in  his  opinion  that  result 
unquestionably  points  to  a  much  more 
comprehensive  idea  of  the  coefficient  of 
friction  than  has  hitherto  obtained.  As 
it  was  found  in  those  trials,  when  run- 
ning at  a  high  speed,  that  the  wheels 
made  20  per  cent,  more  revolutions  than 
corresponded  with  the  distance  actually 
run,  it  may  safely  be  asserted  that  they 
must  have  been  slipping  continuously. 
The  engine  power  must  have  been  contin- 
uously in  excess  of  what  was  necessary 
for  simply  maintaining  the  speed;  and 
that  excess  did  not  go  to  augment  the 
high  speed  already  attained,  but  was  ab- 
sorbed by  the  resistance  of  the  rubbing 
friction  which  the  slipping  called  into 
play,  and  was  thus  converted  into  heat. 
The  Author  urges  the  great  desirability 
of  still  more  accurate  experiments  being 
carried  out,  with  the  aid  of  the  improved 
indicators  now  available  for  such  pur- 
poses ;  and  suggests  also  that  the  slip- 
ping should  be  made  to  record  itself  simul- 
taneously in  the  form  of  a  combined  or 
differential  diagram,  obtained  by  the 
relative  motions  of  the  driving  wheels 
and  the  carrying  wheels.  Such  a  dia- 
gram of  the  slipping  would  throw  more 
light  on  the  problem  of  traction  at  very 
high   speeds,   the   solution   of  which  is 
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more  and  more  demanded  by  the  in- 
creasing development  of  railways. 

By  the  aid  of  his  calculations,  together 
with  the  above  graphic  method  of  delin- 
eating the  respective  moments  of  the 
engine  power  and  of  the  adhesion,  the 
Author  arrives  at  the  conclusion  that  in 
an  express  engine,  such  as  the  one  tried 
by  M.  Rabeuf  on  the  Northern  Railway 
of  France,  if  the  effective  boiler  press- 
ure were  only  from  75  to  90  lbs.  per 
square  inch  instead  of  120  lbs.,  and  if 
the  steam  were  expanded  through  only  a 
short  portion  of  the  stroke,  it  would  be 
possible  not  only  to  avoid  slipping  at  the 
high  speed  actually  attained  of  74^  miles 
per  hour  on  a  falling  gradient  of  1  in 
200,  but  even  to  attain  much  higher 
speeds  of  running.  In  a  three-cylinder 
engine,  having  cranks  at  60°,  or  prefer- 
ably at  120°,  and  with  a  still  lower  effect- 
ive boiler  pressure,  the  conditions  would 
be  yet  more  favorable  for  tractive  effi- 
ciency. If  the  engine  power  exceed  the 
resistance  to  the  extent  of  say  only  7,000 
foot-lbs.  in  each  revolution,  the  Author 
calculates  that  in  five  minutes  the  speed 
of  the  engine  would  be  increased  from 
74J  miles  per  hour  to  8Sf  miles ;  while 
by  an  addition  of  1  in  1,000  to  the  fall 
of  the  gradient  the  speed  would,  in  five 
minutes,  be  increased  from  74J  miles  per 
hour  to  79  miles,  and  to  84£  miles  per 
hour  if  the  additional  fall  were  1  in  500. 

Applying  the  same  mode  of  investiga- 
tion to  the  express  engine  of  the  Paris, 
Lyons  and  Mediterranean  railway,  shown 
at  the  Paris. Exhibition,  with  cylinders 
of  20  inches  diameter  and  26  inches 
stroke  but  an  adhesion  weight  of  only  24 
tons,  the  Author  concludes  it  will  be  nec- 
essary to  use  an  early  cut-off,  between  25 
and  30  per  cent.,  otherwise  the  co-effi- 
cient of  adhesion  would  be  required  to 
be  exceptionally  high.  To  maintain 
without  slipping  a  speed  of  46^  miles 
per  hour  on  a  falling  gradient  of  1  in 
200,  assuming  an  initial  pressure  in  the 
cylinders  of  127  lbs.  per  square  inch,  he 
calculates  that  in  this  engine  a  cut  off  at 
25,  30,  35  and  40  per  cent,  of  the  stroke 
would  require  the  corresponding  co-effi- 
cient of  adhesion  to  be  14.7,  17.5,  18.9 
and  20.8  per  cent,  respectively. 

In  M.  Mallet's  compound-cylinder 
locomotive,  having  an  adhesion  weight 
of  15.2  tons,  slipping  is  rather  likely  to 
occur  when  the  two  cylinders  work  inde- 


pendently, that  is,  each  receiving  direct 
the  boiler  steam  of  140  lbs.  per  square 
inch  effective  pressure.  The  conditions 
are  much  more  favorable  for  freedom 
from  slipping  when  working  really  on 
the  compound  system  with  an  effective 
boiler  pressure  of  100  lbs. ;  but  the  tract- 
ive power  is  of  course  considerably  less 
in  that  case. 

The  general  conclusions  arrived  at  by 
the  Author  are  : 

Firstly,  a  more  comprehensive  expres- 
sion should  be  taken  for  the  co-efficient 
of  adhesion,  such  as  should  render  this 
co-efficient  a  function  of  the  speed.  The 
explanation  of  M.  Rabeufs  experiments 
would  then  be,  that  if,  when  running  at 
a  high  speed,  any  diminution  of  tractive 
resistance  is  not  accompanied  by  a  like 
reduction  in  the  engine  power,  the  lat- 
ter, being  thus  left  in  excess,  imparts  to 
the  wheels  an  accelerated  rotation,  which 
cannot  produce  a  proportionate  accelera- 
tion of  the  high  speed  at  which  the  en- 
gine is  already  running,  and  hence  gives 
rise  to  slipping. 

Secondly,  the  results  of  M.  Rabeufs 
experiments  are  not  applicable  to  low  or 
moderate  speeds,  otherwise  they  would 
clash  with  the  daily  experience  of  prac- 
tical working ;  therefore,  into  the  expres- 
sion so  amended  for  the  co-efficient  of 
adhesion  the  speed  must  enter  in  such  a 
manner  that  the  term  involving  it  shall 
vanish  or  be  altogether  insignificant  at 
these  lower  speeds. 

Thirdly,  the  tendency  to  continuous 
slipping  depends  upon  the  relation  be- 
tween the  maximum  moment  of  the  steam 
pressure  in  the  cylinders  and  the  moment 
of  the  available  adhesion,  each  estimated 
about  the  center  of  the  driving  wheels  ; 
and  not  upon  what  is  commonly  adopted 
as  the  criterion  of  slipping,  namely,  the 
relation  which  the  mean  engine  power 
exerted  during  each  whole  revolution 
bears  <to  the  moment  of  the  available  ad- 
hesion. 


Satisfactory  progress  is  being  made 
with  the  Port  Victor,  South  Australia, 
breakwater.  By  means  of  a  charge  of 
dynamite,  between  35,000  and  40,000 
tons  of  granite  were  displaced  on  April 
19,  or  double  the  quantity  anticipated  to 
be  dislodged.  Many  blocks  were  moved 
weighing  from  60  to  100  tons  each. 
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By  Prop.  ZOPPRITZ,  of  Giessen. 
From  "  Nature." 


Though  for  a  long  time  the  majority  of 
seamen  and  geographers  have  firmly  held 
the  opinion  that  the  great  equatorial 
ocean  currents  derived  their  origin  from 
the  trade  winds,  yet,  so  far  as  I  know, 
no  attempt  has  yet  been  made  to  treat 
the  physical  problem  of  the  propagation 
of  surface-velocities  downwards  through 
a  very  thick  stratum  of  water,  with  the 
means  presented  by  the  theory  of  the 
friction  of  fluids,  as  elaborated  within  the 
last  thirty  years.  Such  an  attempt  is  all 
the  more  demanded  as  many  authors 
have  lately  denied  that  surf  are  forces 
could  set  the  sea  in  motion  to  any  con- 
siderable depth.  At  the  same  time  the 
most  groundless  assumptions  have  been 
set  forth  as  to  the  depth  of  such  drift- 
currents. 

The  essential  principle  of  the  theory 
of  the  internal  friction  of  fluids  is  that 
when  a  plane  stratum  of  water  is  moved 
forward,  by  any  cause,  in  its  own  plane 
with  a  given  velocity,  the  adjoining 
stratum  cannot  remain  at  rest,  but,  in 
consequence  of  its  molecular  cohesion  ex- 
periences an  impulse  to  move  in  the  same 
direction.  And  if  the  velocity  of  the 
former  stratum  be  continuous  the  latter 
assumes  a  velocity  which  tends  to  ap- 
proximate constantly  to  the  given 
velocity.  This  second  stratum  now  exerts 
the  same  influence  on  a  third  adjoin- 
ing stratum  that  it  had  to  suffer  from  the 
first,  and  sets  it. in  motion  in  the  same 
direction.  The  third  stratum  draws  with 
it  in  a  similar  manner  a  fourth,  a  fifth, 
and  so  on.  The  propagation  of  the 
velocity  is  only  bounded  by  the  limits  of 
the  fluid  itself.  If  these  limits  consist 
of  a  solid  plane  parallel  to  the  strata, 
then  the  propagation  of  the  velocity  will 
cease  only  at  this  point,  i.e.,  between  the 
last  liquid  stratum  and  the  first  solid 
stratum. 

The  law  according  to  which  two  neigh- 
boring strata  of  velocities  mutually  influ- 
ence one  another  has  already  been  demon- 
strated by  Newton,  and  the  accelerating 
force  exerted  by  the  friction  has  been 
assumed  as  independent  of  the  pressure, 
and  proportional  to  the  difference  of  ve- 


locity. The  latter  theory,  of  the  friction 
of  fluids  carries  out  this  fundamental 
hypothesis,  as  to  the  propagation  of 
velocity  between  strata  of  the  same  medium 
which  lie  at  an  indefinitely  small  distance 
t,  from  one  another,  and  have  accordingly 
only  an  indefinitely  small  difference  of 
velocity  A ,  inasmuch  as  it  makes  the  ac- 
celeration produced  by  the  friction,  at 
the  plane  in  which  the  strata  meet,  pro- 
portional to  the  quotient  A:  B,.  The 
factor  k,  by  which  tins  quotient  must  be 
multiplied  in  order  to  give  the  accelera- 
tion, is  called  the  Coefficient  of  Internal 
Friction. 

The  Newtonian  hypothesis  can  be  ap- 
plied likewise  to  those  parts  of  the  bound- 
ing-surfaces  of  the  fluid  (where  it  is  in 
contact  with  other  bodies)  which  may 
possess  independent  motion.  Here  the 
acceleration  produced  by  the  limiting 
medium  (which  may  be  solid,  fluid,  or 
gaseous)  is  proportional  to  the  difference 
of  velocity  which  may  in  this  case  be  finite. 
The  factor  of  the  proportion  is  called  the 
Coefficient  of  External  Friction.  If  the 
bounding  body  is  a  solid  or  even  a  fluid, 
then  the  fluid  may  wet  it,  that  is,  the 
stratum  of  fluid  touching  the  limiting 
body  may  cling  so  fast  to  that  body  as  to 
assume  the  same  velocity.  The  coeffi- 
cient of  external  friction  is  in  this  case 
infinitely  great.  This  is  the  case  between 
wood  and  water,  glass  and  water;  and, 
on  the  other  hand,  not  so  between  glass 
and  quicksilver. 

The  theory  founded  on  this  simple 
hypothesis  has  been  subjected  to  the 
most  varied  experimental  tests,  and  has, 
on  the  whole,  been  found  to  agree  with 
the  facts,  so  that  the  hypothesis  may  be 
regarded  as  proved. 

In  order  to  apply  this  theory  to  ocean 
currents,  the  simplifying  presupposition 
has  been  made  that  the  ocean  is  a  mass 
of  fluid  contained  between  two  horizon- 
tal planes  at  the  distance  h  from  one 
another,  but  in  other  respects  unbounded. 
On  the  surface  of  this  mass  of  fluid  a 
wind  of  uniform  strength  and  direction 
is  acting  at  all  times,  while  the  under- 
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surface  wets  a  solid  plane,  the  sea-bottom, 
and  is  therefore  always  at  rest. 

We  must  not,  however,  look  on  the  ac- 
tion of  the  moving  air  on  the  surface 
stratum  of  the  water  as  proceeding  ac- 
cording to  the  Newtonian  hypothesis  ;  it 
will  act  in  this  way  only  so  long  as  the 
surface  remains  level. 

But  the  wind  produces  waves  and  acts 
on  them  according  to  quite  different  laws. 
One  fact  of  experience  is  available  here, 
viz.,  that  the  surface-stratum  of  the  ocean 
under  the  influence  of  a  uniform  wind, 
moves  in  the  direction  of  the  wind  with  a 
constant  velocity  dependent  on  the 
strength  of  the  wind.  If,  therefore,  we 
place  on  the  velocity  of  the  water  at  the 
surface  the  condition  that  it  has  a  value 
w0  at  all  times  given,  everywhere  uniform, 
and  of  uniform  direction,  then  the  prob- 
lem of  the  determination  of  the  internal 
velocity  becomes  soluble. 

But  the  simplifying  presuppositions 
here  assumed  are  almost  realised  in  the 
central  equatorial  regions  of  the  great 
ocean;  the  solution  of  the  problem  be- 
comes, therefore,  of  deep  interest. 

The  following  are  the  chief  results  of 
the  solution: — 

If  for  an  infinitely  long  time  the  sur- 
face-stratum has  been  kept  at  an  unchang- 
ing velocity,  then  the  whole  mass  of  water 
is  in  a  steady  state  of  motion,  i.  e.,  a  state 
which  no  longer  varies  according  to  the 
time.  The  velocity  w  is  then  dependent 
only  on  the  depth  x  beneath  the  surface 
and  diminishes  in  proportion  as  the  depth 
increases,  till  at  the  bottom  it  reaches 
zero.  This  relation  is  expressed  by  the 
formula 

h-x 
h 

Naturally  it  is  presupposed  that  no  other 
causes,  e.  g.,  displacing  currents,  affect 
the  motion  of  the  deeper  strata.  If  these 
deeper  strata  are  kept  by  any  foreign 
cause  whatsoever  in  steady  motion  in  a 
direction  exactly  opposite  to  the. assumed 
motion,  then  at  some  point  between  the 
highest  and  the  deepest  strata  there  lies 
a  plane  where  the  velocity  =o.  If  this 
plane  lies  at  the  depth  hl9  then  in  the 
mass  which  lies  above  it  the  velocity  fol- 
lows the  formula 

h,  -x 


and  is  therefore  in  the  same  condition  as 
if  the  strata  that  lie  beneath  were  a  solid 
mass, 

It  is  specially  noteworthy  that  the  ve- 
locity is  independent  of  the  coefficient  of 
friction,  i.  e.,  that  in  the  state  of  motion 
that  prevails  after  an  infinitely  long  time 
the  distribution  of  the  velocity  is  the 
same  in  a  thin  fluid  like  water  and  in  a 
thick  fluid  like  syrup.  In  the  fixed  state 
of  motion,  the  influence  of  friction  is  shown 
by  the  participation  of  all  the  strata  in 
the  motion  which  is  imparted  from  with- 
out to  the  surface  alone.  Dependence 
on  the  coefficient  of  friction  takes  place 
only  on  the  consideration  of  motions 
that  vary  with  the  time,  and  affords  a 
measure  for  the  depth  of  penetration  of 
a  surface-impulse  within  a  given  time. 

The  formula  which  gives  the  velocity 
at  the  depth  a?  of  a  mass  of  water  origin- 
ally at  rest  when  for  the  time  t  the  surface 
has  been  kept  at  a  constant  velocity  w0, 
has  naturally  a  less  simple  form  than  the 
formula  which  was  found  for  steady  mo- 
tions. (The  formula  is  the  same  as  that 
which  determines  the  propagation  of  heat 
in  a  solid  wall  whose  one  side  is  kept  at 
a  temperature  w0°,  whilst  the  other 
remains  at  0°.)  From  this  formula  re- 
sults the  simple  law  that  any  velocity  what- 
ever between  o  and  w9  prevails  at  differ- 
ent times  at  depths  which  are  related  to 
one  another  as  the  square  roots  of  the 
times.  I  have  used  the  formula  to  com- 
pute the  time  that  a  point  at  the  depth 
of  100  meters  requires  to  attain  half  the 
surface  velocity,  i.  e.,  ^  w0.  The  coeffi- 
cient of  friction  of  the  water  was  assumed 
according  to  O.  E.  Meyer's  determination, 
at  0.0144,  in  which  centimeters  and  sec- 
onds are  the  units  of  calculation.  The 
result  was  that  239  years  are  required  for 
the  layer  of  water  100  meters  deep  to 
assume  the  half  of  the  surface  velocity. 
If  it  be  asked  what  length  of  time  is  re- 
quired for  one-tenth  of  the  surface  veloc- 
ity to  penetrate  to  that  depth,  the  answer 
is  41  years.  Accordingly,  the  same  veloc- 
ities will  be  attained  at  a  depth  of  10 
meters  after  2.39  and  0.41  years  respect- 
ively. In  a  more  viscous  fluid  the  result- 
ing numbers  would  be  smaller. 

These  numbers  are  well  calculated  to 
give  an  idea  of  the  slow  rate  at  which 
changes  of  motion  are  propagated  down- 
wards. For  the  numbers  computed  for 
the  propagation  of  a  given  surface  mo- 
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tion,  hold  likewise  for  the  penetration  of  a 
change  of  the  motion  from  the  surface 
downwards,  whose  influence  is  simply 
added  to  the  already  existing  motion.  A 
steady  current,  therefore,  whose  velocity 
diminishes  linearly  according  to  the 
depth,  will  sustain  only  an  extremely 
slight  alteration  (except  in  the  strata 
nearest  the  surface)  from  passing  changes 
of  motion  that  affect  the  surface,  e.g.  from 
contrary  winds  or  storms.  There  will  pre- 
vail, rather,  at  every  deeplying  point  of  this 
current,  a  mean  velocity  that  changes 
only  very  slightly  according  to  the  time, 
and  which  is  determined  by  the  mean  ve- 
locity at  the  surface.  This  latter  velocity 
has  the  direction  of  the  prevailing  wind, 
according  to  whose  strength  it  varies  by 
a  law  that  cannot  be  more  accurately 
settled. 

If  the  surface  velocity  varies  period- 
ically according  to  the  time,  as  is  the 
case  with  all  winds  that  depend  on  sea- 
sons and  the  hours  of  the  day,  then,  after 
this  periodic  state  has  lasted  an  infinitely 
long  time,  the  velocity  at  all  depths  is  a 
periodic  function  of  the  time  of  similar 
period,  but  such  that  the  amount  of  va- 
riation decreases  rapidly  according  to 
the  depth  and  that  the  occurrence  of  the 
maxima  and  minima  is  delayed  propor- 
tionally to  the  depth.  At  a  depth  of  10 
meters  the  amount  of  the  yearly  oscilla- 
tion is  already  diminished  to  less  than 
T^th ;  at  a  depth  of  100  meters  it  is  be- 
yond observation ;  at  this  depth  the  veloc- 
ity is  that  corresponding  to  the  steady 
state  when  the  mean  annual  velocity  is 
given  to  the  surface.  When  the  depths 
decrease  in  arithmetical  proportion,  the 
amounts  of  the  oscillation  decrease  in 
geometrical  proportion  such  that  at  four 
depths  ajl?  #2,  #3,  cc4,  which  stand  in  the 
relation 


xA  —  x3 — x3  —  x^ ; 


the  amounts  Dl5  D2,  D3,  D4,  stand  in  rela- 
tion 


D  :D  =D  :D. 

4     ^3  a  i 


A  maximum  and  the  following  mini- 
mum of  the  annual  oscillation  always 
exist  at  the  same  time  at  a  vertical  dis- 
tance of  11.9  meters. 

To  give  a  conception  of  the  time  that 
a  constant  surface  velocity  which  begins 
at  the  time  t=o  requires,  in  order  to 
bring  the  interior  of  an  ocean  4,000  me- 


ters deep,  which  was  previously  at  rest, 
to  the  state  of  steady  motion,  the  follow- 
ing numbers  will  serve: — After  10,000 
years  there  prevails  at  the  half-depth,  i.  e., 
at  x= 2,000  meters,  just  the  velocity 
0.037w0.  Since,  according  to  the  already 
stated  formula,  in  the  steady  state  th  e  veloc- 
ity 0.5w0  must  prevail  at  this  point,  it  is 
easily  seen  how  far  the  ocean  is  still  re- 
moved after  10,000  years  from  the  steady 
state.  After  100,000  years  the  velocity 
at  the  depth  stated  is  already  0A61ioo, 
therefore  very  near  the  definitive  value. 
After  200,000  years  it  differs  only  by  two 
units  in  the  third  decimal  place. 

Among  the  results  we  have  found,  par- 
ticular emphasis  is  to  be  laid  on  two, 
which  seem  more  or  less  to  contradict 
the  views  which  have  prevailed  up  to  this 
time.  In  the  first  place,  the  steady  mo- 
tion arising  in  the  interior  of  an  unlimi- 
ted stratum  of  water  from  an  unvarying 
surface  velocity  makes  itself  felt  with 
linearly  decreasing  velocity  down  to  the 
bottom.  Hitherto  the  view  frequently 
expressed  was,  that  the  influence  of  sur- 
face currents,  e.  g.,  the  drift  caused  in 
the  tropical  ocean  by  the  trade  winds, 
reached  only  to  very  moderate  depths.  Sec- 
ondly, it  was  found  that  all  variations 
according  to  time,  whether  periodic  or 
aperiodic,  of  the  forces  acting  on  the 
surface,  propagate  themselves  downwards 
with  extraordinay  slowness,  the  periodic 
in  very  quickly  decreasing  amount. 
Taking  both  statements  together,  it 
follows  that  the  movement  of  the  chief 
part  of  a  stratum  of  water  exposed  to 
periodically  varying  surface  forces  is  de- 
termined by  the  mean  velocity  of  the  sur- 
face, and  that  the  periodic  variations  are 
observable  only  in  a  comparatively  thin 
surface  stratum.  From  this  it  is  obvious 
that  hitherto  the  influence  of  the  friction 
was  undervalued  in  one  direction,  in  so 
far,  namely,  as  it  was  believed  that  its 
influence  need  not  be  considered  as  pen- 
etrating so  deep,  but  in  another  direction 
it  was  overvalued,  as  too  great  an  influ- 
ence was  wont  to  be  ascribed  to  friction 
in  respect  of  the  propagation  of  varying 
current  motions.  Its  effect  was  also  very 
much  overvalued  in  another  point,  viz., 
in  respect  of  the  action  of  a  bank  on  a 
stream  flowing  along  it.  If,  I  repeat, 
the  whole  surface  is  kept  at  a  constant 
velocity,  then  also  in  the  current  bound- 
ed at  the  side  the  distribution  of  velocity 
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in  the  steady  state  is  independent  of  the 
coefficient  of  friction.  Beyond  that,  the 
influence  of  the  banks  on  the  distribution 
of  velocity  is  exceedingly  slight. 

A  further  result  is  that  two  steady 
currents  flowing  parallel  to  one  another, 
-but  in  opposite  directions,  in  a  fluid- 
stratum  of  constant  depth,  may  very  well 
graze  one  another  without  mutual  dis- 
turbance. Their  surface  of  division  is 
then  a  vertical  plane  parallel  to  their 
direction  in  which  the  velocity  O  prevails, 
and  which,  therefore,  stands  to  each  cur- 
rent in  the  relation  of  a  solid  bank. 

We  have  already  shown  numerically 
how  extraordinarily  slow  the  velocity 
existing  at  the  surface  is  propagated 
downwards  when  the  interior  was  pre- 
viously at  rest.  Hence  it  may  be  conclud- 
ed, vine  versa,  that  when  every  point  of 
the  whole  mass  of  fluid  has  at  a  given 
moment  a  given  velocity  varying  accord- 
ing to  the  depth,  and  when  from  the  same 
moment  onwards  the  surface  remains  at 
rest,  the  effect  of  this  initial  state  van- 
ishes equally  slowly,  i.  e.,  the  ocean  passes 
into  the  state  of  rest  with  the  same 
slowness  with  which  in  the  first  case  the 
surface  velocity  was  propagated  into  the 
interior.  In  fact  the  formulae  show  that 
the  times  for  the  increase  and  decrease 
of  the  same  fraction  of  the  given  velocity 
are  expressed  by  the  same  number. 

If  from  some  cause  or  other  strong 
currents  had  been  generated  in  the  ocean, 
say  10,000  years  ago,  these  currents 
would  certainly  not  have  as  yet  disappear- 
ed, but  would  still  be  the  chief  agents  in 
determining  the  movement  of  the  ocean 
at  great  depths,  supposing  that  the  earth 
were  completely  covered  by  an  ocean  of 
the  uniform  depth  of  4,000  meters. 

The  interruption  by  continents  and 
islands  of  irregular  form  will  contribute 
to  weaken  the  effect  of  these  former 
states  of  motion,  not  so  much  through 
the  increased  friction  on  the  ocean-bed 
as  through  the  reflex  currents,  which 
arise  everywhere,  crossing  and  impeding 
one  another.  But  it  must  be  observed 
after  the  above  numerical  proof  the  ex- 
tremely slow  spread  of  local  alterations 
of  motion  over  the  interior  mass,  that 
the  difficulties  of  an  exact  computation 
must  not  be  shirked,  on  account  of  the 
traditional  expression:  "Friction  quickly 
uses  up  all  these  velocities." 


It  would  be  possible  to  determine  by 
observations  whether  effects  of  former 
movements  are  still  present  in  the  ocean. 
There  would  be  required  for  this  purpose 
only  comparative  current  observations  at 
the  most  varied  depths,  to  be  applied  in 
the  central  parts  of  the  great  equatorial 
currents  and  of  the  region  of  calms. 
Yet,  however,  we  dare  not  hope  to  be 
able  to  detect  small  remnants  of  interior 
motion  with  the  same  certainty  with 
which  the  effect  of  the  former  high  tem- 
perature of  the  earth,  which  disappears 
according  to  the  same  law,  could  be  de- 
tected by  subterranean  observation  of 
temperature,  were  one  able  to  penetrate 
deep  enough  with  the  thermometer  into 
the  earth's  crust. 

The  above  computations  give  us  also 
an  idea  how  distant  must  be  the  time  of 
the  initial  state.  -What  a  long  time,  for 
example,  must  we  imagine  the  trade  winds 
to  have  been  blowing  with  their  present 
extent  and  strength  in  order  to  be  justi- 
fied in  assuming  that  the  present  state 
of  motion  of  the  equatorial  currents  is 
steady;  For  that  about  100,000  years 
are  needed,  supposing  we  postulate  a 
mean  depth  of  4,000  meters  and  do  not 
take  into  account  the  deadening  influence 
of  continents  and  islands  which  must 
somewhat  diminish  that  number.  Every 
inirial  state,  whatever  it  may  have  been, 
vanishes  finally,  and  gives  way  to  a  steady 
state,  only  the  time  varies  which  is  re- 
quired to  diminish  the  originally  arising 
velocity  to  any  required  degree  of  small- 
ness. 


We  have  several  times  made  passing 
remarks  on  the  American  "telephonic 
exchanges,"  a  useful  and  practical  out- 
growth of  the  introduction  of  the  tele- 
phone. It  does  not  seem  to  be  gener- 
ally understood  that  the  system  consists 
in  the  establishment  of  a  central  office, 
from  which  wires  run  out  into  the  offices, 
warehouses,  mills  and  residences  of  the 
subscribers.  When  one  subscriber  de- 
sires to  talk  with  another,  the  central 
office  is  notified  of  the  fact,  his  wire  is 
connected  with  that  of  his  neighbor,  and 
communication  is  established.  By  this 
arrangement  every  subscriber  is  put  in 
direct  inter-communication, 

— The  Engineer. 
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Mr.  Imk.yy  said  that  was  the  third  discus- 
sion he  had  attended  at  the  Institution  on 
the  same  subject.  The  first  discussion 
was  twenty  years  ago,  when  wrought- 
iron  guns  were  scarcely  thought  about: 
the  second  turned  very  much  upon  the 
question  whether  guns  ought  to  be  of 
cast  iron  or  of  wrought  iron:  and  now,  at 
the  third  discussion,  cast  iron  seemed  to 
be  altogether  ignored.  The  members 
of  the  Institution  and  the  country  were 
greatly  indebted  to  the  Author  for  call- 
ing the  attention  of  the  engineers  of 
England   to  the  question  of   artillery. 

There  was  no  doubt  of  the  fact  that  the 
present  wrought-iron  guns  used  in   the 
English    nayy  'were  not  trusted  by  the 
sailors.     After    the  terrible    catastrophe 
that  had  recently  happened,  most  of  them 
felt  that  they  would  be  safer  outside  the  tur- 
ret than  inside.     That  was  certainly  an 
alarming  state  of  things.     At  the  time  of 
the   previous   discussion,    a   commission 
was  appointed  by  the  American  Govern- 
ment to  visit  all  the  arsenals  and  factories 
throughout  the   Continent,    in  order  to 
ascertain  what  was   being  done.     After 
careful   investigation  of  the  proceedings 
at  Woolwich,  Elswick,  and  else  where*  the 
commission  recommended  the    American 
Government  to  keep  to  their  old  cast-iron 
guns.       The  result    was,  that  American 
shirks  were  now    armed    with    cast  -iron 
guns  of  12,  15,and  20  inches  caliber,  some 
of  them  delivering  a  blow  twice  as  hard  as 
any  that  could  be  given  by  wrought-iron 
guns.     One  of  those  guns,  a  15-inch  one, 
had  been  tried  for  endurance,  and,  after 
being  fired  1800  rounds,  was  as  good  as 
ever.     In  the  face  of  such  facts  it  became 
a  serious  question  whether  the  Govern- 
ment was  right  in  making  wrought-iron 
guns.     Many  persons  had  believed  that 
the  strain  upon  the  interior  of  a  gun  was 
determined    by    the    tensile     strain    of 
the  metal  of  which   it  consisted.     That 
was  certainly  a  fallacy.     That  was  not  an 
occasion    on  which    to  enter   into   any 
discussion  or  calculation  of  what  those 
strains  were  ;  but  he  might  mention  that, 
a  strain  of  20  tons  upon  the  square 
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inch  inside  a  12-inch  gun,    the   utmost 
tensile  strain  that  could  be  put  upon  the 
interior  lining  was  13  tons.     Now  it  was 
well  known  that   good  cast-iron  would 
stand    13    tons,     and    that     with     the 
present  powders  there  was  no  such  strain 
as  20  tons  put  upon  the  interior  of  a  gun. 
He  might  be  permitted  to  direct  atten- 
tion to  a  diagram,  Fig.  2.     The  lower 
l^art,  A,  represented  part  of  the  section  of 
the  gun  before  it  was  fired,  and  the  upper 
B,    showed  the  conditions   of   the  parts 
at  the  time  it  was  fired,  of  course  much 
exaggerated.     Taking  the  element  of  the 
metal  of  the  gun  as  marked  at  C  and  D, 
that  element  was  subject  to  three  actions: 
first,  it  was   compressed  in   itself;    sec- 
ondly, it  was  moved  outward  to  an  amount 
which  was  determined  by  the  compression 
of  all  the  metal  outside;  and  thirdly,  the 
cicumference  so  pressed  outwards  had  to 
be  extended  in  proportion  to  the  outward 
movement.     Those   three     actions   were 
what  told  upon  every  element  of  the  metal. 
Looking  at  the  enlarged  figure  below, 
and  taking  C  to  represent  that  element  of 
the  metal  before  it   was  subjected  to  the 
pressure,  it  would  be  found  that  by  mere 
compression  to  the  amount  marked  by 
the  inner  part  E,  without  any  tensile  force 
at  all,   a   certain  amount   of  the   metal 
would  be  spread  out  lengthwise,  as  shown 
by  F  ;  therefore  the  tensile  strain  was  not 
what  was  due  to  the  total  extension  of  the 
element,    but  only   the   extra   extension 
marked  at  G — the  quantity  by  which  that 
must  be  extended  more  than  the  metal 
compressed  into  it  would  give.     Adopting 
that  mode  of  computation,  he  arrived  at 
the  result  he  had  mentioned,  that  the  strain 
inside  the  gun  was  not  so  great  as  might  be 
imagined.     That  accounted  for  the  fact 
that  cast-iron  guns  had  served,  and  still 
served  better  than  almost  any  guns  that  had 
been  used.     He  did  not  think  that  for  that 
reason  the  manufacture  of  guns  should  be 
confined  to  cast-iron.     At  all  events,   it 
taught  that  the  metal  constituting  a  gun 
ought  to  be  continuous;  there  should  be 
no  breaches  of  continuity  from  the  inside 
to  the  outside.     When  there  was  a  breach 
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Fig.  2. 


of  continuity,  what  happened  ?  The  two 
metals,  however  intimately  joined  by 
shrinkage,  were  in  two  different  states; 
the  outside  of  the  inner  metal  was  under 
compression,  and  the  inside  of  the  outer 
metal  was  under  extension  ;  and  the  result 
was,  that  every  time  the  gun  was  fired 
the  inner  metal  struck  a  blow  upon  the 
outer,  so  that  a  continual  loosening  and 
degradation  took  place,  which  in  time 
would  be  so  serious  that  the  whole  strength 
would  be  in  the  inner  metal,  without  call- 
ing to  aid  the  outer  metal  at  all.  Such 
were  the  serious  consequences  that  had 
followed  in  some  of  those  guns.  Another 
curious  fact  was,  that  up  to  the  time  when 
wrought  iron  began  to  be  introduced  the 
British  had  exclusively  cast  iron  guns  ; 
the  largest  were  68-pounders,  and  not  one 
of  them  was  known  to  burst  under  ex- 
treme strain.  They  stood  remarkably  well. 
Of  the  last  3,000  guns  delivered  at  the 
Arsenal,  only  seven  burst  on  proving  ;  the 
rest  stood,  and  did  service.  In  the 
American  war  only  cast-iron  guns  were 
used  :  they  were  made  with  great  rapidity, 


many  of  them  of  inferior  metal  and  with  bad 
workmanship  ;  and  only  one  Dahlgren 
gun  gave  way  during  the  whole  war  ;  but  a 
number  of  Parrott  guns  had  given  way. 
With  those  known  facts,  it  was  a  serious 
question,  for  the  country  and  for  engi- 
neers, whether  the  present  system  of 
building  up  guns  was  right.  He  agreed 
with  Dr.  Siemens,  that  better  material 
than  cast  iron  should  be  used.  If  steel 
could  be  got,  let  it  be  had  by  all  means; 
also  the  lining  tube — not  to  take  any 
strain,  but  merely  to  form  a  part  that 
could  be  renewed  when  it  was  worn  or 
cracked,  and  another  substituted.  He 
could  not  help  thinking  that  engineers 
ought  to  give  as  much  attention  as  possi- 
ble to  the  theory  of  the  question,  in 
order  to  ascertain  whether  they  were 
on  the  right  or  on  the  wrong  tack  in  the 
employment  of  the  present  expensive 
system. 

Mr.  P.  M.  Parsons  said  the  paper  con- 
tained, first,  a  criticism  of  the  Woolwich 
guns,  and  then  a  description  of  a  gun 
which  the  Author  considered  would  be 
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superior.  He  proposed  first  to  remark 
upon  the  Author's  own  system.  Two 
formula?  had  been  given  in  the  Paper, 
one  by  Professor  Barlow  and  the  other 
by  Dr.  Hart,  and  they  disagreed  con- 
siderably. It  was  very  unsatisfactory  for 
a  practical  man  to  find  two  formulae  by 
eminent  mathematicians  disagreeing  to 
such  an  extent,  and  the  idea  of  taking  as 
the  true  result  something  between  the  two 
appeared  to  him  absurd.  Either  Professor 
Barlow's  formula  was  right  and  Dr.  Hart's 
wrong,  or  the  the  reverse,  or  they  might 
both  be  wrong.  They  could  not  both  be 
right,  and  to  take  anything  between  the 
two  was  childish.  The  difference  be- 
tween them  consisted  in  the  bases  on 
which  the  calculation  was  commenced. 
Professor  Barlow  assumed  that  the  metal 
was  merely  stretched,  that  there  was  no 
compression,  that  although  a  cylinder 
might  alter  its  form  the  cross-sectional 
area  of  the  cylinder  would  always  remain 
the  same  ;  whereas  Dr.  Hart  assumed 
that  the  metal  was  compressed,  and  that 
the  compression  was  about  the  same  as 
the  extension.  In  the  case  of  a  tube 
that  was  stretched,  all  the  metal  was  in 
tension,  and  it  could  not  be  compressed 
unless  the  metal  was  forced  into  itself, 
so  that  the  specific  gravity  would  be  in- 
creased; and  that  appeared  to  him  to  be  im- 
possible. He  thought  Professor  Barlow's 
formula  was  the  correct  one.  He  had 
always  resorted  to  it,  and  had  found  that 
in  practice  the  results  agreed  with  the 
theory.  The  Author  having  founded  his 
calculation  upon  a  wrong  formula,  his 
criticism  of  the  Woolwich  guns  must  be 
erroneous.  The  principle  of  his  own  gun 
would  not  be,  of  course,  affected,  but 
merely  the  different  strains  or  tension 
of  wire,  and  so  on,  which  could  be  ad- 
justed when  the  right  formula  was  adopted. 
It  appeared  to  him  that  the  building  up 
of  a  gun  by  stengthening  the  tube  by 
tension  was  bad.  If  a  gun  could  be  made 
in  such  a  way  that  each  ring  or  tube 
should  take  the  strain  due  to  it,  without 
putting  any  initial  tension  upon  it,  or  just 
a  little  to  satisfy  the  different  elasticities 
of  the  metals,  as  was  done  in  his  own  guns, 
having  a  reinforced  steel  tube  surrounded 
with  a  cast-iron  jacket  without  any 
initial  tension,  that  would  be  much  better 
than  attempting  to  compress  the  internal ! 
tube  to  the  necesssry  extent  by  an  I 
extensible  metal  outside.     The  Author's  I 


gun  had  an  inner  tube,  as  in  the  case  of 
all  guns  which  were  built  up,  and  he  gave 
the  choice  of  steel  or  cast  iron.  He 
hoped  the  Author  would  abandon  cast  iron 
altogether,  because  he  was  sure  it  would 
be  uselesss.  If  a  rifled  gun  with  an 
interior  bore  of  cast  iron  were  fired  with 
heavy  charges,  it  would  be  soon  cut  to 
pieces.  Moreover,  a  cast-iron  tube  of 
such  size  would  never  bear  the  pressure 
of  so  great  an  amount  of  steel  wire 
wound  round  it :  the  tube  would  be 
crushed,  and  it  would  be  of  no  use  when 
subjected  to  alternate  compression  and 
tension  caused  by  firing  heavy  charges. 
Taking  a  steel  tube  to  begin  with,  there 
was  no  doubt  that  to  wind  wire  round  it 
with  a  proper  amount  of  tension,  each 
layer  receiving  its  due  share,  would  be 
the  most  economical  way  of  applying  the 
material  to  get  direct  strength  out  of  it. 
If  instead  of  that  the  steel  was  tempered 
in  oil  as  much  strength  could  be  ob- 
tained, but  a  little  more  material  would 
be  required.  From  25  to  30  per  cent, 
more  material  would  be  needed  in  hoops 
of  the  ordinary  size  to  get  the  same 
strength  as  in  the  Author's  system,  and 
that  would  only  amount  to  an  addition  of 
about  5  per  cent,  on  the  total  weight  of  the 
gun.  Then  the  question  arose  whether 
all  that  complication  paid,  and  whether 
the  tempered-steel  tube  would  not  be 
more  economical,  and  much  easier  to 
apply.  One  important  defect  in  the  pro- 
posed gun  was  the  want  of  longitudinal 
strength  in  the  inner  tube.  The  Author 
evidently  thought  that  there  was  no 
longitudinal  strain  upon  the  inner  tube, 
or  that  the  strain,  whatever  it  might  be, 
was  taken  up  by  putting  a  mass  of  cast 
iron  at  the  breech  end.  That  was  an 
idea  from  which  he  totally  dissented.  If 
a  gun  tube  had  a  projectile  screwed  into 
the  bore,  and  a  charge  was  ignited 
between  it  and  the  end  of  the  bore,  it 
would  be  admitted  that,  in  addition  to 
the  circumferential  strain,  a  longitudinal 
strain  would  be  set  up  tending  to  pull 
the  tube  in  two;  but  the  same  strain 
would  occur  if  the  projectile  was  free  to 
move  forward  to  almost  the  same  extent. 
The  hold  on  the  tube  would  then  be 
made  up  of,  first,  the  pull  of  the  project- 
ile due  to  the  rifling;  secondly,  the  fric- 
tion of  the  wad  driven  against  the  side 
of  the  bore,  or,  if  no  wad  were  employed, 
the  friction  of  the  gas  rushing  between 
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the  projectile  and  the  bore;  thirdly,  the 
friction  of  the  gas  rushing  forward 
against  the  whole  surface  of  the  bore 
behind  the  projectile — the  two  last 
amounting  to  about  the  same  as  if  a 
solid  copper  cylinder,  fitting  tightly  into 
the  bore,  were  being  drawn  out  at  the 
same  velocity.  There  was  nothing  in 
the  Author's  gun  to  resist  that  strain 
except  the  strength  of  the  tube  itself. 
The  wire  would  be  no  good,  and  the 
cast-iron  casing  was  so  thin  that  it  would 
be  of  no  use  even  if  it  laid  hold  of  the 
tube;  but  the  wire  being  continued  all 
along  to  the  muzzle,  the  cast-iron  casing 
only  abutted  against  it  at  the  muzzle,  and 
would  be  of  no  assistance  to  resist  the 
strain  set  up  at  the  breech  end.  If  the 
mass  of  iron  were  taken  away  from  the 
breech,  and  distributed  round  the  exter- 
ior so  as  to  bring  the  longitudinal 
strength  of  the  cast  iron  to  the  tube,  the 
gun,  he  believed,  would  be  considerably 
improved.  As  a  proof  that  the  Author's 
idea  of  the  longitudinal  strain  was  erron- 
eous, in  a  12-inch  gun  there  was  a  press- 
ure at  the  moment  of  explosion  of 
upwards  of  4,000  tons,  tending  to  blow 
the  gun  backwards.  H  the  whole  of 
that  pressure  were  exerted  in  sending 
the  gun  back,  it  would  be  blown  to  the 
other  side  of  the  turret,  whereas  it  was 
under  complete  control  by  the  compress- 
ors and  the  weight  of  the  gun.  In  a 
small-bore  rifle  the  pressure  set  up 
inside  was  about  2  tons  to  the  inch, 
which  would  give  a  pressure  of  700  lbs. 
on  the  end  of  the  bore,  and.  if  that  press- 
ure were  effective  in  forcing  back  the 
rifle,  no  one  would  be  able  to  fire  it  from 
the  shoulder.  The  actual  pressure  of 
the  recoil  was  only  about  30  or  40  lbs., 
showing  that  a  large  portion  of  the 
pressure  was  absorbed  in  pulling  the 
barrel  forward.  He  should  have  been 
glad  if  the  Author  had  entered  into  some 
of  the  practical  details  of  the  construc- 
tion of  his  gun.  There  were  difficulties 
that  had  occurred  to  him,  which  prob- 
ably had  been  considered  and  overcome. 
In  the  150-ton  gun  there  would  be  about 
32  tons  of  steel  wire.  Of  course  it  could 
not  all  be  drawn  in  one  piece ;  it  must 
have  joints;  and  if  there  were  joints 
there  must  be  weak  points,  and  if  there 
were  any  weak  points  the  whole  thing 
would  fail.  With  regard  to  the  Author's 
criticism  of  the  Woolwich  gun,  as  it  was 


based  upon  an  incorrect  formula,  a  great 
deal  of  what  he  had  said  was  not  applic- 
able. Mr.  Parsons  was  not  there  to 
defend  the  Woolwich  guns;  he  did  not 
agree  as  to  the  correctness  of  the  princi- 
ple upon  which  they  were  constructed, 
and  there  were  many  practical  points  in 
them  which  he  condemned.  But  he 
thought  the  Author  was  in  error  in  sup- 
posing that  the  officers  in  the  Gun 
Factory  were  guided  by  the  text  book  he 
had  referred  to  in  putting  on  the  coils. 
There  was  plenty  of  mechanical  and 
mathematical  ability  at  Woolwich,  and  he 
believed  all  the  coils  were  put  on  at  a 
proper  tension,  or  as  nearly  as  they 
possibly  could  be  by  any  mechanical 
engineer.  It  was  hardly  fair  to  assume 
that  they  were  put  on  by  one  hard  and 
fast  rule.  He  had  himself  always  as- 
sumed, in  his  criticisms,  that  the  tubes 
and  coils  were  put  on  with  a  proper 
amount  of  tension,  so  as  to  get  the 
utmost  amount  of  strength  out  of  the 
metal.  But  when  that  was  done,  he  still 
found  that  the  Woolwich  guns  were  not 
up  to  the  mark  for  calibers  above  9 
inches.  At  the  reading  of  Mr.  Britton's 
Paper,  in  1872,  he  stated  that  he  had 
calculated  the  strength  of  the  guns  from 
9  to  12-inches.  The  9-inch  gun  would 
bear  a  strain  of  24  tons  to  the  inch  when 
the  metals  were  strained  up  to  the  elastic 
limit,  and  the  12-inch  gun  would  bear  a 
strain  of  about  28  tons.  In  calculating 
the  pressure  as  indicated  by  the  pressure 
gauge,  and  the  respective  weights  of  the 
projectiles,  per  square  inch  of  bore,  he 
found  that,  while  the  pressure  in  the 
9-inch  gun  was  24  tons,  in  the  12-inch  it 
was  36  tons.  There  was  an  increase 
of  only  15  per  cent,  in  the  strength, 
whereas  there  was  an  increase  of  57  per 
cent,  in  the  strain.  Therefore,  if  the 
9-inch  gun  was  only  just  strong  enough 
the  12-inch  gun  must  be  too  weak.  That 
appeared  to  have  been  the  case  in  the 
"Thunderer"  gun,  and  he  believed  that 
a  certain  action  was  going  on  in  the  tube 
at  that  part  which  caused  the  gun  to  give 
way,  which  he  would  endeavor  to  explain. 
If  the  circumferential  strength  of  the 
"Thunderer"  38-ton  gun  were  calculated, 
it  would  be  found  that  at  the  breech  and 
C  coil  it  would  be  about  28  tons  per 
square  inch  at  the  elastic  limit  of  the 
metals,  taking  the  wrought  iron  at  10 
tons,  and  the  tempered  steel  tube  at  28 


THE  CONSTRICTION  OF  HEAVY  ORDNANCE. 


221 


tons  per  sqare  inch.  Of  this  the  tube 
contributed  about  10  tons,  and  the 
wrought-iron  coils  about  18  tons.  If  the 
circumferential    strength    at    the    point 

where  the  C  coil  ended  was  also  calcu- 
lated, it  would  be  found  that  the  strength 
suddenly  dropped  to  18  tons,  of  which 
the  tube,  as  before,  contributed  10  tons. 
and  the  B  coil  only  8  tons ;  and  if  the 
longitudinal  strength  of  these  two  pails 
of  the  gun  were  also  calculated,  it  would 
be  found  that,  if  the  strength  of  the  part 
surrounded  by  the  C  coil  was  represented 
by  100,  the  part  beyond,  owing  to  the 
halving  together  of  the  breech  and  B 
coils,  would  only  amount  to  22,  or,  tak- 
ing the  tube  into  account,  as  100  to  -41. 
There  occurred,  therefore,  at  this  point  a 
serious  and  sudden  diminution  of  the 
support  afforded  to  the  inner  tube,  suffi- 
cient to  account  for  its  rapture  even 
with  ordinary  charges;  and  the  more  so 
that,  owing  to  the  use  of  pebble  powder, 
the  maximum  pressure  would  probably 
be  developed  when  the  projectile  arrived 
about  that  point.  The  tube  would  be 
subjected  to  undue  expansion,  which 
would  injuriously  strain  it  circumferen- 
tially,  and  that  expansion  would  set  up  a 
shearing  action  between  that  part  of  the 
tube  thus  unduly  expanded  and  that  part 
of  the  tube  prevented  from  expanding  by 
the  superior  support  of  10  tons  per  square 
inch  afforded  to  it  by  the  C  coil.  At  the 
same  time,  at  this  veiy  point,  it  would  be 
subjected  to  a  greater  longitudinal  strain 
than  in  any  other  part  of  its  length  from 
the  greatly  diminished  strength  of  the 
outer  coils  occurring  at  the  same  point. 
Whether  or  not  the  disaster  on  board 
the  "Thunderer"  was  immediately  caused 
by  a  double  charge,  it  was  evident  to  him 
thatjthese  guns  werejconstitutionally  weak, 
and  would  all  burst  after  firing  a  certain 
number  of  rounds  with  battering  charges. 
The  question  then  was,  what  was  to  be 
done  with  those  guns.  He  had  said  long 
ago  that  the  only  way  to  strengthen  them 
was  to  put  on  an  additional  hoop  of  steel, 
by  which  they  might  be  brought  up  to 
from  28  to  40  or  45  tons  per  square  inch ; 
but  in  that  case  it  would  be  better  to  do 
away  with  wrought  iron  altogether,  and 
put  on  a  cast  iron  jacket,  as  then  the  guns, 
even  if  overloaded,  would  not  burst  ex- 
plosively. This  was  proved  by  the  test 
of  his  converted  68-pounder  gun,  which 
fired  163  rounds  with  charges  of  R.  L.  G. 


powder  20  per  cent,  heavier  than  the  two 
charges  combined,  which  were  supposed 
to  have  burst  the  "Thunderer"  gun,  in 
proportion  to  the  weight  of  gun,  and  be- 
sides these,  two  charges,  which  were  50 
per  cent,  greater.  All  that  had  occurred 
was  this :  the  inner  tube  expanded  slightly 
beyond  its  elastic  limit,  but  well  within 
its  breaking  limit,  and  this  was  sufficient 

I  to  burst  the  cast-iron  casing,  which  quiet- 
ly opened,    showing   a   crack   from    the 

.  trunnions  to  the  breech,  thus  giving  pal- 
pable warning  to  cease  firing,  winch 
warning  being  attended  to,  no  explosive 
burst  took  place. 

Mr.  E.  A.  Cowper  could  not  agree  with 
the  statement  in  the  Paper:  "It  is  gen- 
erally admitted  that  a  sudden  change  is 
equivalent  in  effect  to  double  the  amount 
of  a  steady  strain,  so  that  in  the  present 
case  the  effect  would  be  equal  to  a  steady 
strain  of  55.06  tons  per  square  inch." 
He  did  not  believe  that  that  was  practi- 
cally the  case,  nor  generally  admitted. 
If  a  weight  came  suddenly  upon  a  piece 
of  iron  there  was  a  certain  small  amount 
of  excess  of  strain,  due  to  that  fall.     In 

;  order  to  explain  his  meaning  he  had  sus- 
pended a  piece  of  india  rubber  with  a 

I  weight  at  the  bottom.  It  would  be  seen 
that  when  the  weight  was  put  on  steadily 

:  it  carried  the  india  rubber  down  to  a  cer- 
tain point,  while  if  it  were  put  on  sud- 
denly it  went  down  lower,  by  the  force 

■  of  the  momentum  of  the  falling  weight. 
That  was  the  case  of  a  falling  weight ;  but 
it  did  not  apply  to  a  gun,  where  there 
was  no  falling  weight.  There  was  pebble 
powder  lying  close  to  the  side  walls  of 

;  the  gun.     There  was  as  much  powder  gas 

!  at  the  sides  as  in  the  middle ;  the  gas 
neither  moved  from  the  center  to  the 
sides  nor  from  the  sides  to  the  center. 
When  the  powder  was  fired,  there  was  an 
elastic  pressure  against  the  sides  of  the 
gun,  but  there  was  no  weight  or  motion, 
except  at  a  speed  due  to  the  gradual  burn- 
ing of  large  pebble  powder.  Quick  burn- 
ing sporting  powder  gave  greater  speed 
and  a  greater  strain.  There  was  practi- 
cally no  momentum  if  he  were  to  blow 
air  into  an  india  rubber  ball.  Every  time 
the  ball  was  blown  into,  it  expanded  a 
little,  but  there  was  no  momentum.     He 

;  did  not  believe  that  there  was  anything 
like  a  double  strain  on  the  metal  due  to 
the  strain  coming  on  at  the  speed  it  did 
with  pebble-powder.     If   that  were   the 
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case,  all  the  guns  made  on  that  principle 
would  have  burst  long  ago.  It  would 
not  have  been  a  question  of  degree  of 
endurance :  they  would  have  burst  at  the 
first  round.  As  a  matter  of  fact,  the 
Woolwich  guns  did  not  burst.  It  was  all 
very  well  to  calculate,  and  to  say  that 
they  must;  the  fact  was  they  did  not. 
They  had  been  made  to  burst  by  way  of 
experiment,  but  those  in  actual  service 
did  not  give  way.  The  guns  were  much 
heated  inside  with  quick  firing,  and  he 
did  not  think  that  point  had  been  suffici- 
ently investigated.  He  did  not  know  of 
exact  experiments  to  ascertain  the  precise 
temperatures,  and  strains  upon  the  rings 
and  inside  tube.  The  thinner  the  inner 
tube,  the  less  it  would  bear  the  compres- 
sion of  hoops  shrunk  upon  it;  if  the  inner 
tube  were  much  hotter  than  the  hoops, 
the  compression  would  be  very  severe 
indeed;  and  the  thinner  the  hoops  were, 
and  the  greater  their  number,  and  the 
thinner  the  tube,  the  greater  would  be 
the  effect.  In  a  Woolwich  gun  of  course 
the  solid  metal  conducted  better  than 
a  greater  number  of  hoops  would  do, 
and  therefore  the  difference  in  strain 
was  not  so  great.  However  a  gun 
might  be  sponged,  or  water  sent,  into 
it  at  great  pressure,  it  was  impossible  to 
prevent  the  heat  from  getting  through 
the  body  of  the  gun ;  and  the  hoops  out- 
side the  steel  lining  would  be  very  hot, 
and  it  was  impossible  to  get  at  them. 
He  could  not  agree  with  what  had  been 
said  as  to  the  increase  in  pitch.  He 
had  made  the  first  rifling  machine  for 
Mr.  Lancaster.  The  first  rifled  guns 
used  in  service  were  employed  in  the 
Crimean  war;  they  were  68-pounders, 
and  were  of  cast-iron.  Mr.  Lancaster 
wished  to  have  a  considerable  increase 
in  the  pitch;  Mr.  Cowper  endeavored 
to  persuade  him  not  to  have  it,  and 
he  now  thought,  as  then,  that  an  in- 
crease in  pitch  was  wrong.  A  shot 
would  increase  in  rotation  as  it  increased 
in  rapidity  of  motion  forwards;  when 
there  was  a  great  increase  of  pitch,  the 
shot  was  apt  to  pull  off  the  muzzle  of  the 
gun — a  result  which  he  had  himself  seen 
in  several  guns. 

Captain  R.  A.  E.  Scott,  E.  N.,  said 
that  Mr.  Cowper's  statement  with  refer- 
ence to  the  increased  twist  was  certainly 
true ;  and  he  might  have  added,  that  as 
slower-burning  powders  were  being  used 


there  was  no  reason  for  rifling  the  guns 
with  an  increasing  twist.  One  point,  he 
thought,  had  been  rather  under-esti- 
mated, namely,  the  waves  of  pressure. 
Mr.  Cowper  appeared  to  think  that  there 
was  no  sudden  wave  of  pressure  in  the 
gun.  But  in  the  trial  of  7-inch  guns  (the 
rear  end  of  the  inner  tubes  of  which  were 
made  circular)  the  rebound  of  the  powder 
gases  was  so  great  after  striking  against 
the  shot,  that  they  positively  bored 
through  the  breech-end  of  the  inner 
tube.  All  the  tubes  were  partly  bored 
through  at  an  early  date,  and  the  tube 
that  was  most  bored  into  was  that  of  the 
gun  firing  the  expanding  shot.  In  fifty 
rounds  the  inner  tube  of  this  gun  was 
nearly  cut  through.  The  Paper  was  a 
very  able  one,  and  there  was  every 
reason  for  calling  attention  at  the  pres- 
ent time  to  the  whole  system  of  artillery. 
The  Author  thought  that  the  present 
service  guns  were  not  strong  enough — 
that  they  were  so  near  the  limit  of  their 
strength  that  a  little  more  would  burst 
them.  He  did  not  quite  agree  in  this 
view,  but  concurred  in  what  Captain 
Noble  had  said  as  to  the  suddenness  of 
the  pressure,  and  the  short  time  it  acted 
upon  the  inner  part  of  the  gun,  admit- 
ting of  a  much  greater  strain  than  would 
really  burst  it  if  the  shot  were  detained 
longer.  But  it  was  obvious  that  as  the 
gun  was  so  near  its  limit  of  elasticity, 
everything  that  tended  to  check  the  pro- 
jectile in  issuing  out  of  the  bore  ought 
to  be  avoided.  The  projectile  might  be 
checked  by  indentation  or  erosion  of  the 
bore,  by  the  fouling  of  the  gun,  or  by  an 
unequal  yielding  of  the  studs.  The  first 
effect  of  the  pressure  was,  to  crush  the 
lower  studs  and  push  the  service  project- 
ile down  to  the  bottom  of  the  bore.  It 
was  there  shoved  along,  just  as  anything 
might  be  dragged  over  a  dirty  road;  but 
if  the  shot  had  long  flanges,  it  would 
rise,  center  itself,  and  run  smoothly  out 
of  the  bore.  In  an  experiment  which 
had  been  made  with  a  smooth-bore  cylin- 
drical shot  and  a  rifled  one,  the  rifled 
shot  went  out  of  the  gun  at  a  greater 
velocity,  and  apparently  more  easily; 
but  at  that  time  the  pressures  were  not 
measured.  The  Author  had  proposed  a 
gun  of  very  great  strength.  Without 
giving  an  opinion  as  to  whether  the  wire 
system  was  the  best  possible,  he  had  no 
doubt   that  for  new   guns  it  would  be 
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desirable  to  have  the  great  strength 
which  wire  would  afford.  He  did  not 
wish  to  criticise  the  details  of  the  pro- 
posed plan,  though  many  who  had  sonic 
knowledge  of  practical  gunmaking  could 
probably  dispose  of  the  solid  portion  of 
the  metal  in  a  better  way.  For  himself, 
he  had  no  fondness  for  cast  iron.  Not- 
withstanding what  had  been  said  as  to 
the  American  guns  firing  heavy  charges, 
the  reports  which  had  been  received  here 
showed  that  the  charges  for  rilled  guns 
were  very  low,  and  that  the  reason  why 
the  Dahlgren  guns  had  not  burst  was, 
that  they  were  not  rilled.  The  smooth 
bore  did  not  require  the  same  strength  as 
the  rifled  gun.  The  Parrott  guns  were 
not  made  of  bad  metal,  but  through  be- 
ing rilled  they  cracked  and  blew  their 
muzzles  off.  It  was  scarcely  correct  to 
say  that  wrought-iron  English  guns  had 
not  burst,  He  recollected  the  "Shunt" 
gun  bursting  with  a  powder  charge  one- 
quarter  the  weight  of  the  shot,  and  he 
was  present  when  a  12-ton  blew  out  its 
breech.  He  observed  that  the  Author, 
in  the  case  of  the  150-ton  gun,  proposed 
a  muzzle-loader,  and  in  that  he  fully  con- 
curred. His  experiments,  however,  were 
made  with  the  breech-loader.  In  the 
details  of  its  carriage,  he  thought  there 
was  a  good  deal  that  was  not  quite 
practical;  but  though  he  had  not  an 
intimate  knowledge  of  metals,  he  had 
been  immediately  concerned  with  the 
mounting  of  guns,  and  so  could  assure 
the  Author  that  it  was  necessary  to  have 
a  high  carriage  in  order  to  obtain  room 
for  sufficient  elevation  and  depression,  as 
well  as  for  the  appliances  for  working 
the  guns.  The  carriages  used  at  the 
present  time,  including  those  in  the 
after  turret  of  the  "Thunderer,"  on 
which  35-ton  guns  were  mounted,  were 
as  low  as  they  could  well  be  made.  If 
they  were  lower,  the  gear  would  have  to 
be  out  of  sight.  The  whole  subject  was 
a  national  one,  and  if  it  increased  the 
safety  of  the  crew  or  the  power  of  the 
ship  they  ought  to  have  breech-loaders. 
But  the  facts  of  the  case  did  not  bear  out 
this.  The  experience  with  Prussian 
guns,  firing  6  lbs.  of  powder,  afforded  no 
criterion  as  to  the  results  of  firiug  150 
lbs.,  200  lbs.,  250  lbs.  and  sometimes 
400  lbs.  of  powder.  A  breech-piece 
would  have  to  be  enormously  heavy  to 
withstand  such  charges.     The   mechan- 


ism would  occupy  a  great  space,  and 
there  would  be  immense  difficulty  in 
handling  it.  But  was  it  necessary  to 
adopt  breech-loading  at  all?  He  was 
confident  that  it  was  not.  Several  turret 
vessels  were  provided  with  18-ton  muz- 
zle-loading guns;  the  "Glatton,"  "Mon- 
arch," and  "Hotspur,"  with  25-ton  guns; 
the  "Devastation"  with  35-ton  guns ;  and 
in  the  after  turret  of  the  "Thunderer," 
35-ton  guns.  Then  it  would  be  asked, 
"Why  did  the  accident  occur  in  the 
'  Thunderer '  ?  "  Simply  because  the  load- 
ers of  the  fore-turret  were  out  of  sight. 
It  was  true  that  there  were  fewer  men 
inside;  but  the  fact  had  not  been  suffi- 
ciently understood  that  the  loaders  were 
outside,  so  that  the  turret  officer  could 
not  see  what  they  were  doing.  Having 
mounted  the  muzzle-loading  guns  above- 
mentioned,  he  might  be  permitted  to  say 
that  no  accident  had  happened  with  any 
of  them.  It  was  true  that  the  system  of 
hand-power  and  hand-loading  was  alone 
used,  but  there  was  not  the  slightest 
difficulty  in  applying  steam  gear  also, 
and  falling  back  upon  the  hand-gear  if  a 
valve  or  other  appliance  should  fail. 
Although  35-ton  guns  were  now  mounted 
in  the  after  turret  of  the  "Thunderer," 
there  would  be  no  difficulty  in  putting  in 
38-ton  guns  and  loading  them  in  the 
same  way.  Those  who  had  practical 
knowledge  of  the  working  of  heavy  guns 
on  board  ship  had  foreseen  the  danger  of 
loading  from  the  lower  deck,  and  he 
believed  that  the  accident  had  occurred 
just  as  the  Committee  had  reported.  As 
to  muzzle-loading  by  the  ordinary  meth- 
od, there  were  advantages  in  it  which  had 
been  much  overlooked,  apart  from  its 
security.  In  firing,  the  gun  was  usually 
slightly  elevated,  and,  when  it  recoiled, 
it  was  loaded  at  once  from  the  muzzel 
without  any  alteration  of  the  elevation. 
The  present  pebble  powder  gave  an  enor- 
mous mass  of  dense  smoke.  The  result 
would  be  that  the  enemy  could  not  be 
seen;  and  hence,  if  the  elevation  had  to 
be  changed  for  the  purpose  of  loading, 
the  next  shot  would  be  likely  to  fail. 
This  was  an  important  point  in  favor  of 
muzzle-loading.  He  did  not  think  that 
a  large  breech-loading  gun  would  be 
found  to  be  safe  in  the  hurry  of  close 
action  at  night;  nor  did  he  think  that 
the  experiments  about  to  be  carried  on 
in   Prussia    would    convey   any   correct 
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criterion  as  to  the  safety  of  the  plan.     A 
72-ton     breech-loading    gun    might    be 
worked    in    daylight,   and   no    accident 
might  occur;  but  in  a  turret,  men  could 
not  see  well,  and  the  officer  would  need 
a  hundred  eyes   to  overlook  what  was 
done    so    as  to  prevent    accident    with 
a   breech-loading   apparatus.      Prussian 
naval  officers  had  told  him  that  they  had 
great  difficulty  in  keeping  the  breech  of 
their  heavy  guns  tight,  and   that   they 
preferred   muzzel-loaders.     He   believed 
the   present  British   service   guns   were 
good  and  serviceable,  and  would  be  safe 
if  existing  obstructions  were  removed,  so 
that  the  shot  might  glide  steadily  out  of 
the  bore.    With  regard  to  the  inner  tube, 
if  it  were  made  thinner  he  did  not  know 
but  it  would   stand  better.      His   own 
experience    was,    that    the    thinner    the 
tubes  the  stronger  they  were  in  propor- 
tion; and   he   believed  if   a   tube   were 
drawn  with  rifling  in  it,  it  would  be  still 
better.      He   did  not   think    any    solid 
metal  could  be  adopted  which  would  be 
superior  to  Sir  Joseph  Whitworth's  com- 
pressed steel;  and  therefore  either  this 
alone,  or  in  combination  with  wire,  was 
the  direction  which  shotfld  be  pursued  in 
making  new  guns.    He  did  not  see  much 
force  in  the  arguments  that  had   been 
advanced    against    the    Author's     wire 
system. 

Mr>  W.  H.  Barlow,  Vice-President, 
said  it  might  be  thought  that  the  Au- 
thor's ingenious  specimen  of  a  wire  gun 
had  been  put  forward  at  the  Institution 
as  a  complete  novelty,  but  it  was  not  so. 
When  at  the  Philadelphia  International 
Exhibition  of  1876,  he  saw  exhibited  a 
specimen  of  the  Woodbridge  gun,  made 
on  the  same  principle.  The  gun  was 
described  in  the  report  of  Major  W.  H. 
Noble,  R.A.,  a  judge  of  that  department. 
It  appeared  that  the  Woodbridge  gun 
was  not  altogether  a  new  one,  as  it  was 
said  to  date  as  far  back  as  1850.  In 
1865  a  trial  was  made  of  a  2J-inch  gun 
which  demonstrated  its  great  strength 
and  endurance,  and  another  trial  was 
made  in  1872.  He  had  not  heard  how 
the  gun  shown  at  the  Exhibition  had 
behaved.  He  desired  to  mention  these 
facts  in  order  that  it  might  not  be 
thought  that  the  Instituiion  was  unaware 
of  the  existence  of  such  guns. 

Mr.  Longridge,  in  reply,  observed  that 
the    principle  he  advocated    had    been 


brought  before  the  Institution  by  him- 
self  eighteen   years   ago.     The   breech- 
loading   gun   now   exhib.ted   was   made 
and  fired  in   1860;  and  in   1867,  in   a 
Paper  which  he  had  sent  to  the  Institu- 
tion, but  which  was  not  read,  there  was 
an  exact  description  of   the   gun,  with 
drawings.     Questions   of    priority  were 
never  satisfactory,  and  he  did  not  wish  to 
enter  into  them.     His  object  in  bringing 
the  matter  again  before  the  Institution 
was  not  to  advocate  anything  new,  because 
his  propositions  were  much  what  they 
were  nineteen  years  ago,  but  he  had  car- 
ried them  out  into  a  practical  form.    The 
objections  then  raised  were  not  against 
the   principle,    but   as    to   the    impossi- 
bility of  giving  a  practical  form  to  his 
proposals.     He   had  again   brought   the 
subject  forward  in  order  to  show  that  it 
was  not  simply  a  scheme  which  had  en- 
tered into  his  brain,  but  that  he  had  con- 
sidered all  the  necessary  details.     It  was 
not  simply  a  matter  of  theory:  but,  like 
all  true  theories,  a  matter  which  could 
be   easily  and   economically  reduced  to 
practice.     Several  speakers  had  referred 
to    the    subject    of    formulae.      General 
Sir   John   Lefroy  did  not   dispute  that 
formulae  were  of  some  use;  but  he  said 
that  at  Woolwich  facts  were  preferred  to 
formulae,  "that  mechanics  were  governed 
not  by  formulae,  but  by  facts,"  and  that 
"experience    taught    much    more    than 
formulae."     He  begged  to  differ  from  Sir 
John  Lefroy.    Formulae  could  be  nothing 
but  an  expression  in  symbolical  language 
of  absolute  truth.     If  a  formula  was  not 
that,  it  was  a  false  formula;  either  the 
mathematics   were  wrong,    or   the   data 
which  were  constants  in  the  formula  were 
wrong.     It   had   been   said   that   half-a- 
dozen  formulae  had  been  brought  forward, 
but  in  truth  there  were  only  two.     One 
was  that  of  Professor  Barlow,  which  any 
one  who  examined  it  could  see  was  wrong, 
because  he  assumed  the  area  of  the  ring 
to  be  constant. 

His  own  formula,  Dr.  Hart's,  M. 
Lame's,  and  Dr.  Hopkinson's  were  ident- 
ical. Dr.  Hopkinson  had  kindly  pointed 
out  that  he  had  omitted  to  take  one  ele- 
ment into  consideration.  When  there 
was  a  tensile  force  and  at  the  same,  time 
a  normal  compressive  force,  there  was  a 
tension  arising  out  of  the  latter  which  he 
had  not  taken  into  account.  To  have 
done    so   would  have   complicated    the. 
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formula,  and  be  felt  that  the  effect  would 
be  inconsiderable.   He  was  pleased,  how 
ever,  that  Dr.  Hopkinson  had  worked  it 

out  to  the  rigid  formula;    and  the  result 

was  that,  instead  of  a  tension,  in  an 
extreme  case  of  17  tons,  he  had  found 
the  tension  to  be  18^  tons.  Guns  might, 
ol  course,  bo  calculated  upon  that  more 
exact  formula,  but  the  labor  of  calcula- 
tion would  be  much  increased  without 
materially  altering  the  result.  Sir  John 
Lefroy  had  stated  that  the  <mns  at 
\\  oolwich  were  quite  perfect ;  and  other 
speakers,  especially  Mr.  Cowper,  had 
repeated  the  statement.  He  had  for  a 
long  time  kept  a  list  of  Woolwich  guns 
which  had  their  tubes  split;  he  had, 
unfortunately,  lost  it;  but,  by  way  of  an 
appeal  to  facts,  he  would  refer  to  an 
extract  from  the  Quarterly  Report  of  the 
proceedings  of  the  department  of  the 
Director  of  Artillery,  minute,  34,636, 
16  :  3  :  77.  The  Superintendent  of  the 
Royal  Gun  Factory  reports  "that, 
on  examination  of  30  :  12  :  76  of  the 
experimental  80-ton  gun,  it  was  found 
that  the  steel  tube  was  cracked, 
the  split  being  in  one  of  the  rifle 
grooves;  widest  at  70  inches  from  bot- 
tom of  bore,  about  the  position  of  max- 
imum pressure,  and  extending  about  15 
inches  along  the  groove  in  both  direc- 
tions. An  incipient  crack  appears  in  the 
opposite  groove.  He  will  forward  a 
more  detailed  report."  Two  months 
afterwards  the  Director  of  Artillery  for- 
warded the  foregoing  Report  to  the  Sec- 
retary of  State  for  War,  remarking  "that 
the  crack  is  unfortunate,  but  shows  the 
great  strength  of  the  structure.  The 
gun  has  fired  one  hundred  and  sixty-six 
rounds,  and,  although  the  tube  cracked, 
the  gun  itself  has  not  given  at  all.  The 
experimental  35-ton  gun  had  a  split  tube 
after  sixty-eight  rounds,  and  the  gun  was 
fired  in  that  condition  for  five  rounds, 
and,  although  the  crack  increased,  the 
gun  itself  showed  no  signs  of  damage. 
The  gim  was  designed  to  pierce  a  20-inch 
plate  at  1000  yards.  It  was  calculated 
that  this  gun,  with  a  16-inch  caliber,  fir- 
ing 300  lbs.  of  powder  and  1,700  lbs. 
projectile,  would  effect  this.  The  exper- 
iments point  out  that  this  effect  will  be 
obtained.  The  Explosive  Committee, 
finding  that  an  addition  to  the  charge 
greatly  increased  the  power  of  the  gun 
without  giving  any  great  increase  of 
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strain,  proceeded  to  fire  the  gun  with 
much  increased  charges,  so  thai  sixty- 
nine  out  of  one  hundred  and  sixty-six 
rounds  have  been  tired  with  370  lbs.  of 
powder.  The  Director  of  Artillery  has 
no  reason  to  doubt  that  this  is  the  cause 
of  damage.  Valuable  information  has 
been  obtained,  and  the  gun  has  shown 
great  strength  and  endurance."  After 
some  further  rounds,  he  continues: 
''Third  crack  discovered.  Thinks  gun  is 
slowly  breaking  up."  That  was  one  of 
the  facts  upon  which,  he  presumed,  Sir 
John  Lefroy  relied  to  defend  the  system 
of  Woolwich  construction.  It  was  a  fact 
that  might  have  been  predicted  by  any 
person  who  had  made  the  calculations 
upon  the  assumption  that  the  statements 
in  the  text  book  as  to  the  shrinkage  of  1 
in  1,000  were  correct.  It  had  been 
stated  that  that  text  book  was  not 
worked  by  at  Woolwich,  and  that  it  had 
been  drawn  up  by  two  or  three  young 
gentlemen  who  had  just  left  the  Royal 
Military  Academy.  On  the  contrary,  it 
was  a  book  published  by  order  of  the 
Secretary  of  State  for  War.  The  prev- 
ious edition  had  been  written  by  Captain 
Stoney  and  Captain  Jones — one  the 
Assistant  Superintendent,  and  the  other 
Captain  Instructor,  in  the  Royal  Gun 
Factory.  The  present  edition  was  writ- 
ten by  Major  John  F.  Owen,  Captain 
Instructor  in  the  Royal  Gun  Factory; 
and  it  also  was  published  by  order  of  the 
Secretary  of  State  for  war.  The  book 
professed  to  give  an  exact  account  of  the 
work  at  Woolwich.  Major  Owen  was 
not  a  young  man  who  had  just  left  the 
Royal  Military  Academy,  but  one  of  the 
gentlemen  recently  sent  to  Malta  to  report 
upon  the  "Thunderer"  gun.  The  book 
was  only  published  last  year,  and  it  ought 
to  be  accepted  as  evidence  of  what  was 
done  at  Woolwich.  If  it  had  not  been  so 
he  should  not  have  brought  the  book 
before  the  members.  It  had  been  urged 
against  his  own  proposal  that  he  had  not 
put  the  heavy  material  of  the  gun  in  the 
right  place.  He  had  tried  to  explain  that 
there  could  be  no  longitudinal  strain 
upon  the  inner  tube  of  the  gun ;  but  it 
appeared  that  he  had  failed  to  make  him- 
self intelligible,  at  any  rate  to  Mr.  Par- 
sons, because,  although  Fig.  9  showed 
that  the  breech  was  closed,  not  by  a  solid 
tube,  but  by  a  plug  free  to  move,  only 
abutting  against  the  iron,  Mr.  Parsons 
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persisted  in  saying  that  the  strain  mast 
come  upon  the  tube  itself,  and  would 
blow  the  breech  out,  whereas  there  was 
no  strain  whatever.  By  removing  the 
four  bolts  and  applying  pressure,  the 
breech  plug  could  be  pushed  out  of  the 
tube  altogether.  It  was  exactly  the  same 
in  the  breech-loading  gun  exhibited. 
There  was  no  strain  on  the  chase,  except 
a  compressive  strain,  due  to  the  action 
of  the  shot,  which  was  very  slight,  tend- 
ing to  force  the  chase  of  the  gun  forward. 
It  had  been  stated  that  it  was  impossible, 
according  to  his  plan,  to  give  sufficient 
longitudinal  strength.  On  the  contrary, 
this  was  a  simple  matter ;  there  were  two 
solid  side  rods  which  could  be  made  of 
any  desired  strength.  In  the  case  of  a 
large  gun  he  proposed  to  make  them  of 
steel  plates  laid  side  by  side.  One 
speaker  had  stated,  that  there  was  a 
weight  of  4,000  tons  acting  upon  the 
breech;  if  it  were  10,000  tons,  all  that 
would  be  needed  was  to  make  the  side 
rods  of  a  sufficient  area  so  as  to  give  no 
more  than  3  tons  or  4  tons  per  square 
inch.  That  was  easy  and  simple,  and  it 
avoided  all  the  complication  of  strain 
which  Dr.  Hopkinson  had  pointed  out  as 
arising  wherever  an  attempt  was  made 
to  have  two  strains  at  right  angles  in  the 
same  piece  of  iron.  In  large  breech- 
loading  guns  that  would  be  found  a 
serious  matter.  Dr.  Siemens  said,  "One 
great  drawback  to  the  Author's  proposed 
system,  which  he  himself  admitted,  was 
that  he  had  a  resistance  against  bursting 
strain  without  resistance  in  the  longitu- 
dinal direction."  The  Author  did  not 
admit  this  to  be  a  disadvantage;  instead 
of  a  drawback,  it  was  a  great  advantage, 
as  the  system,  especially  for  large  breech- 
loading  guns,  afforded  facility  of  construc- 
tion and  safety.  He  would  now  refer  to 
other  criticisms  of  Dr.  Siemens.  If  Dr. 
Siemens  were  right  in  his  conclusions 
his  objections  would  be  very  serious;  but 
he  thought  he  could  show  that  Dr.  Sie- 
mens was  entirely  wrong.  He  had  mis- 
represented (not  intentionally)  that  he 
had,  in  giving  his  idea  of  a  gun  con- 
structed on  the  Woolwich  principle, 
referred  to  a  9-inch  gun  with  a  tube  8 
inches  thick,  and  with  28  inches  of  iron 
outside.  It  would  be  seen  from  the 
Paper  that  it  was  not  a  9-inch  but  a  16-inch 
gun.  The  gun  was  not  such  a  gun  as  he 
would  propose  to  make;  but,  his  object 


was  to  show  that  a  gun  could  be  made 
with  the  same  number  of  hoops  as  a 
Woolwich  gun,  and  yet  no  hoops  would 
be  strained  more  than  10  tons  per  square 
inch.  Dr.  Siemens  had  mistaken  the 
radius  of  the  bore  for  the  thickness  of  the 
tube:  the  radius  was  8  inches,  the  thick- 
ness 6.39  inches.  The  iron  outside  the 
two  tubes  was  28  inches.  Fig.  6  showed 
the  exact  tensions,  both  before  and  during 
explosion.  The  compressive  strain  was 
not  confined  to  the  steel  tube :  it  extended 
to  the  steel  tube  and  to  the  first  iron  tube, 
and  it  was  exactly  balanced  by  the  ten- 
sion of  the  outer  tube.  Dr.  Siemens  and 
other  speakers  seemed  to  think  that  neces- 
sarily the  whole  compression  must  be 
thrust  upon  the  inner  tube ;  but  that  was 
a  mistake.  It  was  an  error  to  suppose 
that  the  great  tension  he  would  put  on 
would  crush  the  inner  tube.  He  could 
put  any  compression  of  tension  upon  it 
that  he  liked.  In  the  case  of  the  large 
150-ton  gun  which  he  had  proposed,  the 
cast  iron  would  never  be  under  more  than 
12  tons  compression.  When  it  was  fired  it 
would  not  have  more  than  3  tons  tension, 
yet  it  would  stand  an  internal  pressure 
of  24  tons  to  the  square  inch.  He  could 
not  then  stop  to  demonstrate  it,  but  if 
any  one  would  examine  the  formula  he 
would  see  that  it  was  so.  He  had  not 
said,  as  alleged  by  Dr.  Siemens,  that  a 
shrinkage  of  1  in  1000  was  not  sufficient 
for  such  a  gun,  but  that  the  shrinkage 
was  a  governing  factor,  a  most  important 
one,  and  that  it  must  depend  upon  the 
modulus  of  elasticity  of  the  materials, 
and  the  dimensions  of  the  rings.  A  gun- 
maker  might  say:  "I  will  make  a  gun 
with  a  shrinkage  of  1  in  1000  ;"  but  then 
the  rings  must  be  proportioned  to  that 
shrinkage,  and  that  could  not  be  done 
without  a  formula.  He  had  referred  to 
a  sentence  in  the  text  book,  with  regard 
to  which  he  had  said  it  was  difficult  to 
imagine  a  more  complete  confusion  of 
ideas  than  that  which  pervaded  it.  Dr. 
Siemens,  in  his  criticism,  had  alluded  to 
the  wrong  sentence,  namely,  that  "  guns 
of  present  construction,  ....  during 
the  process  of  shrinking."  There  was  no 
confusion  of  ideas  in  that  sentence,  and 
it  was  not  that  to  which  he  referred. 
The  sentence  which  he  had  criticised  was : 
"  Much  will  depend  upon  the  thickness 
and  strength  of  the  coil  to  be  shrunk  on, 
for  the  heavier  it  is  the  tighter  will  be 
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its  grip,  and  the  more  will  the  Loner  parts 
be  compressed  and  supported ;  whereas 
B  thin  weak  coil  would  probably  suffer 

from  over  tension."  It  was  of  thai  sen- 
tence he  had  said  "a  more  complete  con 

fusion  of  ideas  could  not  exist  :"  and  he 
still  maintained  it.  He  next  came  to  an 
other  objection  which,  if  Dr.  Siemens 
correct  would  certainly  be  serious, 
although  it  might  be  provided  against. 
•.  Siemens  seemed  to  think  that  by  the 


heating  of  the   gun  after  tiring   all  the 
isions  would  be  thrust    adrift  and  de- 
stroyed.    That  was  an  error  arising  from 
a   misapprehension   of  the   cause  of  the 
heating  of  the  guns.     It  was  not  caused, 
or  only  to  a  small  extent,  by  the  com- 
bustion of  the  powder.     Even  assuming 
the  powder-flame  to  be  at  a  temperature 
of  501)0  — which  was  the  outside  it  had 
er  been  taken  at — and  that  it  was  in 
contact  with  the  chase  of  the  gun  during 
the  whole  time  the  shot  was  in  it,  say 
econd — which  was  also  beyond  the 
mark — the  total  amount  of  heat  absorbed 
would  be  11y5u  unit  per  square  foot  acting 
upon  about  a  ton  of  metal  in  a  large  gun ; 
consequently  it  was  impossible  that  the 
heating  could  arise  from  the  flame:    it 
arose  from  the  sudden  state  of  tension 
into  which  the  material  was  thrown.     If 
a  bullet  was  squeezed  in  a  vise  it  would 
become  hotter.      If    mechanical   energy 
was  employed  in  any  way  in  compressing 
material,  heat  was  produced. 

The  heating  of  the  guns,  therefore, 
was  not  appreciably  due  to  the  flame, 
but  to  the  severe  tension  produced  in 
the  material.  That  was  the  point  on 
which  his  gun  had  so  great  an  advant- 
age over  others.  The  tensions  became 
at  the  end  uniform  throughout.  The 
guns  could  be  made  so  that  when  they 
were  hot  they  were  absolutely  perfect 
with  regard  to  their  tensions,  and  when 
they  were  not  hot  they  were  slightly 
weaker  than  they  would  otherwise  be. 
He  had  calculated  that  weakness,  and  it 
was  inconsiderable.  With  regard  to  Dr. 
Siemens'  proposal,  he  could  not  think  that 
it  was  practical.  Possibly  Dr.  Siemens' 
had  in  his  mind  the  Rodman  gun,  which 
was  cooled  from  the  inside  when  in  a 
fluid  state.  He  had  proposed  to  make  a 
cylinder  gun,  to  put  it  in  a  furnace,  to 
raise  it  to  a  high  temperature,  about  600° 
Centigrade,  and  then  to  cool  it  in  the  in- 
side to   60  s.     He   had  no  hesitation  in 


saving  that  in  the  case  of  a  12,  18  or  20- 
inch  gun  that  was  physically  impossible. 
If  air   were   sent   through  it  at  zero,   the 
internal    surface   would   never  be   below 
.■)7(.)°;  if  cooled   with   water  at   freezing 
point,    it   would   never   be   below   500°. 
The  material  could  only  give  off  a  certain 
amount  of  heat  from  the   inside,  and  it 
took  a  certain  amount  of  heat  from  the 
outside,  which  was  three  or  four  times  as 
large.     But  even  if  the  proposal  could 
be  carried  out,  what  would  happen?  The 
gun    might   be   kept    ten   hours   in    the 
furnace ;  and  no  doubt,  while  the  cooling 
was  going  on,  and  the  outside  was  hot, 
there  would  be  a  varying  strain  through- 
out the  gun.     But  when  it  was  taken  out 
to  cool  (it  could  not  be  cooled  from  the 
inside  right  through,  as  in  the  Rodman 
gun)    what   would    happen?      The    gun 
would  go  back  to  the.  original  condition  : 
the   12-inch   bore   which   was    expanded 
would  go  back  to  12  inches;  the  24-inch 
bore  to  24  inches.   He  therefore  maintained 
that   Dr.   Siemens'  plan  was    physically 
impossible.    If  it  were  possible,  he  would 
only   arrive    at    an   approximation,    and 
then  at  an  enormous  expense. 

He   would   now   briefly   refer   to    the 
remarks  of  Captain  Noble.     In  the  first 
place,  he  desired  to  give  all  credit  and 
honor  to  his  friend  Mr.  Charles  Henry 
Brooks,  who  had  made  all  the  mathemat- 
ical calculations  for  him.     That  fact  had 
been  stated  in  his  former  Paper,  and  he 
did    not    refer   to  it  again  because    he 
thought  it  was  so  well  known.     Captain 
Noble  stated  that  he  agreed  with  a  great 
many   of   the   theoretical    views   in   the 
Paper,  but  he  could  not  agree  that  the 
description  of  the  procedure  at  Elswick 
ought  to  be  regarded  as   correct.     Mr. 
Longridge  had  given  no  description  of 
it;  he  had  not  said  a  word  about  Elswick 
except   what    was    extracted    from    the 
Woolwich   text   book  to   which   he   had 
referred.     He  presumed  that  the  writers 
knew  what  was  going  on  at  Elswick;  if 
not,  they  ought  to  apologize  to  Elswick. 
Captain  Noble  had  stated  that  calcula- 
tions were  made  at  Elswick  at  the  pres- 
ent time.    It  would  be  in  the  recollection 
of  many  members  that  Sir  William  Arm- 
strong,   nineteen   years  ago,    said  there 
was  no  attempt  at  making  calculations; 
but   at  present   it   appeared   they   were 
made.     Captain   Noble   stated   that   the 
calculated  shrinkages  were  greatly  modi- 
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fied  by  the  results  of  a  long  series  of 
experiments.  He  protested  against  that 
as  utterly  unscientific.  If  the*  formulae 
was  right,  the  shrinkages  must  be  the 
right  ones,  and  it  was  impossible  to 
strengthen  the  gun  by  departing  from 
those  shrinkages.  He  was  glad,  how- 
ever, to  find  that  rules  were  now  applied 
at  Elswick.  He  believed  that  the  Els- 
wick  guns  were  far  superior  to  the 
Woolwich  guns,  because  at  Woolwich 
the  authorities  had  made  a  far  greater 
departure  from  theory,  and  in  fact  had 
set  all  theoretical  considerations  at 
naught. 

The  remarks  made  by  Mr.  Canet  were 
exceedingly  valuable.  He  had  evidently 
thoroughly  studied  the  subject,  and  he 
had  shown  that  his  formula  was  identical 
with  M.  Lame's."  Mr.  Canet's  calcula- 
tions appeared  to  be  generally  right,  and 
it  was  gratifying  to  find  that  the  formulae 
had  been  practically  and  successfully 
applied  in  France.  He  had  heard  that 
statement  several  years  ago ;  and  he  had 
since  been  informed  that  the  guns  (7  and 
9-inch)  had  been  successful,  and  that  it 
was  possible  the  French  Government 
might  adopt  the  system  with  larger 
guns.  With  regard  to  the  suddenness  of 
a  strain,  he  believed  that  it  had  a  consider- 
able effect.  Mr.  Cowper  was  in  error  in 
imagining  that,  because  the  space  in 
which  a  weight  acted  was  not  great, 
there  could  not  be  any  momentum.  He 
forgot  that,  although  the  space  was 
exceedingly  minute,  there  was  a  space, 
and  the  velocity  was  enormous.  He 
forgot  that  the  strain  was  applied  in 
about  -g-J-o,  or  T^-g-  second,  and  that  the 
velocity  of  the  wave  pressure  was  above 
20,000  feet  per  second  in  steel.  It  was 
not  a  question  as  to  whether  the  space 
moved  through  could  be  seen  with  the 
eye;  there  was  velocity  and  pressure, 
and  consequently  energy.  No  doubt  the 
law  of  increased  strain  existed  to  a  cer- 
tain extent,  but  to  what  extent  he  could 
not  say.  In  his  calculations,  though  he 
mentioned  the  law,  he  had  not  taken 
advantage  of  it  in  his  criticisms  upon 
the  Woolwich  guns,  but  he  had  taken 
the  simple  statical  strain,  putting  aside 
altogether  the  increased  strain  due  to 
the  suddenness  of  the  application  of  the 
pressure.  He  would  only  add  that, 
although  he  had  no  longer  anything  but 
a  scientific  interest  in  the  matter  (which 


was  perhaps  the  best  interest  a  man 
could  take  in  it),  nothing  would  please 
him  more  than  to  see  his  ideas  brought 
into  practice  in  this  country.  The  theo- 
ry had  never  been  disputed,  and  no  real 
practical  objections  had  been  made  to 
his  proposals  in  the  form  in  which  he 
had  submitted  them. 

Mr.  Baklow,  Vice-President,  observed, 
through  the  Secretary,  that  the  Author, 
in  his  concluding  remarks,  made  a  state- 
ment not  contained  in  the  Paper  itself, 
namely,  that  the  late  Professor  Barlow 
was  wrong  in  the  formula  he  gave  for 
strains  generated  in  cylinders  by  internal 
pressure,  the  Author's  opinion  being 
based  on  the  supposition  that  the  spe- 
cific gravity  of  metal  underwent  altera- 
tion under  strain.  A  bar  extended  by 
tension  undoubtedly  diminished  in  sec- 
tional area.  Whether  the  diminution  of 
section  area  was  such  as  to  maintain  the 
specific  gravity  without  alteration  had 
not  been  ascertained.  There  were  no  ex- 
periments, so  far  as  he  knew,  which  es- 
tablished the  fact  that  any  alteration  of 
specific  gravity  arose  from  strain,  even 
in  the  case  of  a  simple  strain  like  that  of 
direct  tension.  But  supposing,  for  argu- 
ment sake,  that  tensile  strain  might,  to 
a  small  extent,  decrease  the  specific  grav- 
ity, compression  ought,  by  the  same  rea- 
soning to  increase  it.  In  the  case  of  the 
gun  both  these  forces  or  strains  were 
operating ;  each  lamina  conveyed  its  ac- 
tion to  the  next  one  outside  it,  by  press- 
ure acting  in  lines  radiating  from  the 
center;  and,  therefore,  whilst  the  strains 
arising  in  the  circumferential  lines  were 
tensile,  those  acting  in  the  radial  lines 
were  compressive,  so  that  as  regarded 
the  question  of  specific  gravity  they 
would  counteract  each  other.  It  ap- 
peared, therefore,  that  there  was  no  suf- 
ficient reason  given  for  pronouncing 
Professor  Barlow's  formula  to  be.  wrong. 

Colonel  Shakespeak  remarked,  through 
the  Secretary,  that,  without  expressing 
an  opinion  on  the  merits  of  the  Author's 
mode  of  construction,  the  following 
statement  in  a  tabular  form  from  authen- 
tic documents,  relative  to  the  heavy  ar- 
tillery of  England,  Germany,  France 
and  Russia,  showed  that  the  former 
country  was  behind  hand ;  for  it  would 
be  seen  that  whilst  a  shot  from  the  Ger- 
man 12-inch  gun  of  36  tons  had  a  veloc- 
ity of  1,385  feet  per  second  after  it  had 
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Me    1.000    yards,    the    corresponding  of  the  shot  after  a  flight  of  1,000  yards, 

English  gnu — the  12-inch  of  35  tons — •  the  figures  were  thus: — Germany,  8,672 

only  had  a  muzzle  Telocity  of  1,300  feet  foot-tons;  France  8,433;  Russia,  7,325 ; 

per  second:  and  as  regarded  the  energy  and  England,  only  0,040  foot-tons. 
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The  above  were  the  principal  known  lery  after  European  pattern.  America 
guns ;  but  Italy,  Austria  and  Turkey  had  had  adopted  the  "  Palliser  "  system  of 
powerful  guns ;  whilst  China  and  Japan  construction.  Indeed  all  the  nations  of 
were  adopting,  and  possibly  making  in  the  earth  were  busy  on  their  artillery, 
their  own  workshops,  a  powerful  artil-   Italy   seemed   to   prefer   muzzle-loading 
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guns  on  the  Armstrong  system,  and  had 
the  largest  gun  of  all,  and  which  had 
been  made  at  Elswick,  yiz.,  a  100-ton 
gun ;  but  this  gun,  as  well  as  the  Eng- 
lish 81-ton  gun,  was  still  experimental. 
The  following  results  had  been  obtained 
with  them :  The  100-ton  gun,  with  a 
charge  of  500  lbs.  of  Italian  powder,  and 
a  projectile  of  2,000  lbs.,  gave  a  muzzle 
energy  of  38,000  foot-tons  ;  and  with  463 
lbs.  of  English  powder,  a  muzzle  velocity 
of  1,627  feet  per  second;  and  energy,  36, 
700  foot-tons.  The  81-ton  gun,  with  a 
charge  of  423  lbs.,  and  projectile  of  1,700 
lbs.,  gave  a  muzzle  velocity  of  1,620  feet 
per  second;  at  1,000  yards,  of  1,518  feet 
per  second;  and  a  muzzle  energy  of  29, 
935  foot-tons.  Both  the  above  were  muz 
zle-loaders.  The  table  showed  that  length 
of  bore  was  necessary  to  velocity.  The 
projectile  of  a  breech-loaded  being  larger 
than  the  bore,  centered  itself  in  the  bore, 
whereas  with  the  muzzle-loader  that  was 
not  so.  This  disadvantage  to  the  latter 
been  overcome  by  the  introduction  of 
"gas  checks."  Mounted  as  guns  were 
at  present,  muzzle-loading  had  the  ad- 
vantage in  the  rapidity  of  fire.  The 
only  practical  advantage  breech-loaders 
had  over  muzzle-loaders  was,  that  less 
space  was  required  for  loading;  hence 
breech-loaders  could  be  generally  the 
longer,  to  the  more  profitable  consump- 
tion of  heavy  charges.  Land- service 
guns  might  be  of  any  length,  but  at  sea 
space  was  limited. 

Dr.  Siemens  explained,  through  the 
Secretary,  that  the  Author  in  his  reply 
had  stated  that  Dr.  Siemens  had  mis- 
taken the  radius  of  his  normal  gun  with 
hoops  for  the  thickness  of  the  inner 
tube ;  and  in  this  he  was  perfectly  right. 
But  considering  that  the  radius  of  the 
hypothetical  gun  was  8  inches,  and  the 
thickness  of  the  inner  tube  6.39j02  inches, 
the  correction  only  served  to  strengthen 
the  argument,  to  the  effect  that,  under 
the  shrinking  system  there  was  danger 
of  crushing  the  inner  tube  by  the  tensile 
strain  of  the  greater  mass  of  metal  com- 
posing the  hoops.  True,  the  Author 
maintained  that  the  shrinkage  of  suc- 
ceeding layers  of  hoops  might  be  so 
regulated  that  the  first  layer  would  ha- 
bitually be  under  compression,  and  thus 
aid  the  inner  tube  to  resist  compression. 
He  had  not  overlooked  this  possibility, 
but  endeavored  to  prove  that  such  nice 


adjustment  of  original  tensions  in  the 
different  parts  constituting  the  guns 
would  be  upset,  and  rendered  illusory, 
on  account  of  the  heating  of  the  inner 
tube  by  the  act  of  firing  the  gun. 

The  Author  admitted  this  jDortion  of 
the  argument,  but  said  that  it  was  based 
upon  a  misapprehension  of  the  cause  of 
heat  in  firing  guns.  The  products  of 
combustion  of  the  gunpowder,  though 
taken  at  a  temperature  of  5,000°,  would 
not,  he  asserted,  communicate  more  than 
one  unit  of  heat  to  every  square  foot  of 
inner  gun  surface  during  the  short  inter- 
val of  yi-Q  second  when  the  heat  would 
be  active  in  firing,  an  amount  of  heat 
which  would  certainly  be  inappreciable 
in  its  effect  upon  the  large  mass  of  the 
gun.  But  in  order  to  account  for  the 
great  heat  undoubtedly  produced  in  fir- 
ing, he  ascribed  it  to  the  compressive 
action  communicated  to  every  portion  of 
the  fabric  in  firing.  So  far  from  agree- 
ing with  this  view,  Dr.  Siemens  ventured 
to  assert  that  not  a  single  unit  of  heat 
would  be  set  up  in  the  body  of  the  gun 
by  such  compressive  action,  so  long  as 
the  metal  was  not  strained  beyond  its 
elastic  limit.  The  elastic  action  of  a 
watch-spring  would  not  give  rise  to  heat, 
although  the  continued  bending  of  a 
non-elastic  wire  through  the  same  angles 
of  range  would  cause  it  to  heat  rapidly. 
In  the  one  case  the  work  expended  in 
bending  the  spring  was  recovered,  and 
in  the  other  it  was  lost,  and  its  equiva- 
lent of  heat  put  into  its  place.  He  main- 
tained that  all  the  heat  produced  in 
firing  a  gun  was  due  to  the  heated  pro- 
ducts of  combustion,  and  that  the  Author 
misapprehended  entirely  the  amount  of 
heat  taken  up  by  a  metallic  surface  from 
a  dense  current  of  highly  heated  material, 
even  in  so  short  an  interval  as  jfa  second. 
The  heat  produced  by  successive  firing 
must  indeed  cause  strains  in  the  gun  far 
exceeding  those  originally  created  by 
shrinkage,  because  every  130°  Fahrenheit 
must  produce  in  an  iron  or  a  steel  cylin- 
der under  confinement  a  strain  of  12 
tons  per  square  inch;  and  it  was  well 
known  that  a  few  shots  would  suffice  to 
produce  that  degree  of  temperature  in 
the  inner  tube,  unless  powerful,  means  of 
internal  cooling  were  resorted  to.  The 
Author's  criticism  of  the  mode  proposed 
by  him  of  distributing  the  strains  in 
massive   hoops   or   cylinders,  in  such   a 
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way  as  to  make  them  capable  of  resisting 

a  maximum  of  bursting  strain,  was  based 
upon  the  same  misapprehension  of  the 
heating,  or,  in  this  case,  cooling,  effect  of 
a  dense  and  active  current  upon  metallic 

BUrfac<  -.  If  water  were  to  be  the  medi- 
um employed,  ami  the  tube  was  of  a 
temperature  below  that  at  which  actual 
contact  was  prevented  by  spheroidal 
condition,  the  innermost  surface  of  the 
cylinder  under  operation  would  almost 
instantaneously  assume  the  temperature 
of  the  cooling  current,  the  heat-absorb- 
ing action  of  which  would  be  limited 
only  by  the  conductivity  of  the  metal 
itself  limiting  the  inflow  of  heat  toward 
the  center.  This  cooling  action  would 
kept  up  until  the  whole  mass  was 
cooled  from  within.  The  conditions  of 
varying  tension  aimed  at  could  not  be 
.lized  unless  the  temperature  of  the 
external  surface  was  kept  up  to  the  last ; 
and  in  this  r<  spect  the  plan  here  pro- 
ved differed  essentially  from  that  fol- 
lowed by  Captain  Rodman  in  cooling  his 
-t-iron  guns,  which  metal  was  more- 
over much  less  susceptible  than  steel  to 
the  mode  of  treatment,  owing  to  its  short 
elastic  range. 

Mr.  Robert  Wilson  observed,  through 
the  Secretary,  that  the  principle  upon 
which  the  Author's  formula  was  based  was 
that  steel  and  iron  were  ductile,  and  elon- 
gated when  subjected  to  tensile  stress. 
One  element  had,  however,  been  over- 
looked by  the  Author,  without  which  .the 
property  of  ductility  could  not  be  brought 
into  play.  This  was  the  element  of  time. 
The  formula  was  apj:>roxiinately  correct, 
theoretically,  for  hollow  cylinders  sub- 
jected to  a  steady  hydraulic  or  steam 
pressure,  where  the  tension  increased 
gradually  from  zero,  and  allowed  time  for 
the  exercise  of  ductility.  But  he  con- 
sidered the  Author  was  in  error  when  he 
assumed  that  the  formula  wTas  equally  appli- 
cable to  the  strength  of  cylinders  exposed 
to  a  great  pressure  very  suddenly  applied, 
where  there  was  no  time  for  the  exercise 
of  ductility,  or  for  each  layer  in  the  thick- 
ness to  take  its  share  of  the  pressure, 
as  was  implied  in  the  formula.  In  ad- 
dition to  the  sudden  circumferential 
pressure  exerted  by  a  large  charge  of 
gunpowder,  there  were  also  still  more 
severe  local  pressures.  In  the  experi- 
ments with  the  10-inch  gun,  it  was  found 
that  these  local  pressures  were  as  great 


63  tons  pci-  square  inch.     They  acted 

like  blows,  and  their  energy   was   mainly 

expended  upon  the  inner  surface  of  the 

tubes,  without  producing  any  great 
circumferential  pressure  upon  the  outer 
surface  or  the  coils  beyond.  In  the 
Paper  the  Author  only  once  mentioned 
that  the  explosion  pressure  was  sudden, 
and  that  its  effect  might  be  double  that 
of  a  steady  pressure;  but  he  did  not 
appear  to  see  that  it  affected  the  very 
principle  upon  Which. this  formula  was 
founded,  and  not  merely  the  relative  value 
of  the  terms  and  factors  in  the  formula. 
The  Author  censured  the  Woolwich  and 
Elswick  gunmakers  for  not  using  his 
formula.  This  censure  and  his  rea- 
sonings were  based  upon  two  assumptions: 
1st.  That  guns  always  failed  from  longi- 
tudinal fracture  of  the  tube.  Now  this 
assumption  was  not  borne  out  by  facts, 
as  solid,  coiled,  and  tubed  guns,  of  cast 
iron,  wrought  iron,  bronze,  and  steel, 
had  failed  by  fracture  transversely  near 
the  breech,  and  not  always  longitudinally, 
in  this  country,  on  the  Continent,  and  in 
the  United  States.  2nd.  That  the  longi- 
tudunal  fractures  were  always  and  only 
due  to  circumferential  tension,  exerted 
by  the  pressuse  of  the  gases.  Now  this 
was  opposed  both  to  experience  and 
theory,  for  the  severe  local  pressures, 
which  acted  like  blows  on  the  inner  sur- 
face of  the  tube,  were  more  trying  to  the 
resistance  of  the  material  than  the  steady 
strains  assumed  by  the  Author.  Sir  W. 
Armstrong,  in  his  evidence  before  the 
35-Ton  Gun  Committee,  stated  that  his 
guns  failed  always  in  the  tube,  and  that 
the  steel  tubes  failed  from  the  shock,  the 
jar,  or  the  concussion.  He  did  not  ap- 
pear to  consider  the  circumferential 
stress  at  all.  It  was  probable  that  most 
of  the  fractures  found  in  steel  tubes  were 
the  development  of  the  surface  cracks 
produced  by  the  local  blows  of  the  ex- 
plosion, and  by  the  great  and  sudden 
changes  of  temperature  to  which  the 
inner  surface  of  the  tube  was  exposed. 
The  temperature  of  the  gases  was  about 
4,000°  Fahrenheit.  Although  the  time 
to  which  the  metal  was  exposed  to  this 
high  temperature  was  infinitesimal,  and 
although  the  quanity  of  heat  was  small 
notwithstanding  its  intensity,  the  heat 
had  been  found  sufficient  to  account  for 
the  melting  of  soft  particl.es  of  metal  in 
bronze  and  cast-iron  guns.    It  was  there- 
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fore  not  unreasonable  to  conclude  that 
the  severe  local  pressures  or  shocks  act- 
ing upon  steel  tubes  exposed  to  a  high 
temperature  were  sufficient  to  start  the 
surface  cracks  found  in  the  steel  tubes  of 
large  guns.  It  appeared  to  him  that  no 
strengthening  of  the  tubes  by  shrinking 
on  coils,  or  coiling  on  wire  with  any  de- 
gree of  tension  according  to  the  formula, 
which  was  only  intended  to  meet  the  case 
of  a  steady  and  gradually  applied  load, 
would  prevent  the  formation  of  these 
surface  cracks.  When  a  surface  crack 
was  once  started,  no  matter  how,  either 
longitudinally  or  transversely,  the  jar- 
ring and  shocks  to  which  the  tubes  were 
subjected  at  every  discharge  would  in- 
evitably cause  the  crack  to  extend  in  a 
homogeneous  metal  like  steel  or  cast 
iron,  and  ultimately  bring  about  com- 
plete fracture.  The  homogeneity  of 
ductile  steel  rendered  it  in  some  respects 
much  superior  to  wrought  iron  as  a  con- 
structive material.  Yet  it  was  this  very 
homogeneity  that  rendered  steel  so  un- 
suitable when  it  could  not  be  guaranteed 
against  incipient  fractures  in  positions 
where  it  was  exposed  to  shocks,  jars, 
concussion,  or  vibration.  In  wrought 
iron  an  incipient  fracture  would  often 
alter  its  course,  or  stop  altogether  at  the 
first  cinder,  or  break  in  the  structure  it 
met  with,  and  it  was  but  little  affected 
by  subsequent  jarring ;  but  in  steel,  no 
matter  how  ductile,  a  crack  once  begun 
was  sure  to  extend  rapidly  by  jarring  till 
complete  fracture  ensued.  However, 
owing  to  its  superior  resistance  to  de- 
trusion,  abrasion,  and  erosion,  steel  was, 
on  the  whole,  the  best  material  for  gun 
tubes :  and  as  it  could  not  be  expected 
soon  to  meet  with  a  better  material,  the  best 
should  be  made  of  the  material.  It  ap- 
peared to  him  that  any  attempt  to  increase 
the  life  of  large  guns  should  be  in  the 
direction  of  cushioning  the  blow  given 
by  the  explosion  of  the  powder.  This 
could  probably  be  done  by  leaving  a 
sufficient  air  space  all  round  the  charge  ; 
and  with  suitable  powder  this  cushioning 
need  in  no  way  reduce  the  velocity  of  the 
shot,  but  might  actually  be  made  to  in- 
crease it.  In  order  to  carry  this  out 
properly,  recourse,  however,  must  be  had 
to  breech-loaders.  In  seeking  to  devise 
a  remedy  for  the  failure  of  the  steel  tube 
of  large  guns,  it -appeared  to  him  that  the 
Author  had  ignored  the  cause  or   causes 


to  which  the  failure  in  the  first  place  was 
due.  He  would  apply  an  external  rem- 
edy, where  only  an  internal  remedy 
could  reach  the  root  of  the  malady.  In 
applying  mathematics  to  the  solution  of 
any  question  on  the  strength  of  materials, 
there  was  nothing  so  misleading  as  fig- 
ures, excepting  facts ;  and  for  this  rea- 
son—it was  extremely  difficult  to  get  at 
all  the  facts  which  went  to  the  making* 
up  of  a  problem  and  when  all  the  facts 
were  ascertained,  it  was  still  more  difficult 
to  "  condition  "  them  (so  to  speak),  and 
to  assign  to  each  its  proper  position  and 
value. 

Mr.  Longridge  replied,  through  the 
Secretary,  that  Mr.  Barlow's  observation 
respecting  Professor  Barlow's  formula 
did  not  convince  him  that  he  was  in  error 
in  pronouncing  that  formula  to  be 
wrong.  It  was  a  mathematical  question 
and  he  was  content  to  leave  it  as  it  was, 
supported  as  he  was  by  such  authorities 
as  M.  Lame,  Dr.  Hart,  and  Dr.  Hopkinson. 
As  regarded  Dr.  Siemens'  explanation,  he 
regretted  that  that  gentleman  should 
repeat  his  assertion  about  the  hypothetical 
16 -inch  gun.  If  he  had  looked  at  Fig. 
6  he  would  have  seen  how  erroneous 
such  an  assertion  was.  To  make  the 
matter  perfectly  clear,  the  following 
table  showed  the  strains  in  this  gun 
before  and  during  the  explosion,  with  an 
internal  pressure  of  24  tons  per  square 
inch : 


Before 
Ex- 

During 
Ex- 

plosion. 

plosion. 

I 

Inner  surface 

—9.946 

10.000 

Steel  tube.  -1 

( 

Outer 

tt 

—6.510 

—  1.734 

( 

Inner 

1 1 

—1.110 

10.000 

First  ring.  « 

Outer 

<  t 

—1.933 

2.121 

Second 

Inner 

a 

5.966 

10  000 

ring. 

Outer 

(t 

3.352 

5.620 

So  far  from  there  being  any  fear  of 
crushing  the  inner  tube,  it  would  be 
seen  that  it  was  never  under  a  com- 
pression greater  than  10  tons  per  square 
inch.  Dr.  Siemens  repeated  his  assertion 
about  the  destruction  of  the  tensions  by 
heating,  and  said  that  the  Author  admitted 
this  portion  of  the  argument.  He  did 
nothing  of  the  kind.     What  he  did  say 
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was  this  :  "  If  Dr.  Siemens  were  right  in 
his  conclusions,  his  objection  would  be 
very  serious  :  but  he  thought  he  could 
show  thai  Dr.  Siemens  was  entirely 
wrong.'1  He  still  adhered  to  that  state- 
ment With  reference  to  the  question 
of  heating,  he  could  not  accept  Dr. 
Siemens'  dicta.  Did  Dr.  Siemens  mean 
to  assert  that  if  a  steel  anvil  was  struck 
with  heavy  blows  from  a  steel  hammer, 
both  being  elastic,  and  receiving  no  per- 
manent deformation,  no  heat  would  be 
evolved !  If  so,  he  made  an  assertion 
which  he  might  satisfy  himself  was 
contrary  to  fact.  Neither  could  he 
accept  Dr.  Siemens'  assertions  about  the 


quantity  of  heat  that  would  be  absorbed 
into  the  body  of  the  gun  from  the 
powder  gases,  nor  about  the  cooling  a 
cylinder  from  the  inside,  under  the  con- 
ditions proposed  by  Dr.  Siemens.  With 
all  respect,  he  must  formally  deny  the 
correctness  of  such  assertions,  and  hold 
by  every  iota  of  what  he  said  in  his 
general  reply,  based  as  it  was  upon  such 
authorities  as  Rumford,  Peclet,  and 
Cauchy.  Finally,  he  would  repeat,  that 
this  question  of  heating  had  long  ago 
had  his  careful  attention,  that  it  could 
be  practically  met  without  difficulty, 
and  especially  in  the  wire  system  of 
construction. 
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II. 


§  2. 

^Ye  have  seen  that  if  we  have  a 
velocity  potential  cp  that  the  stream  lines 
are  normal  to  the  surface  cp= const.,  and 
have  for  their  differential  equations 

dx  :  dy  :  dz-J?  :*$..*?■ 
dx      dy     dz 

Suppose  that  we  assume 

(p=a 

then  the  surfaces  given  by  the  equation 
<p= const,  are  those  of  the  ellipsoids 
u= const.,  since  for  u= const,  we  have 
a = const.  Now  our  stream  lines  are  the 
lines  normal  to  this  surface,  and  they  are 
given  as  the  intersection  of  the  two 
hyperboloids  v=const.  and  w  =  const. 
It  is  a  known  fact  in  the  theory  of  these 
orthogonal  surfaces  that  the  intersection 
of  any  two  of  them  is  a  line  of  curvature 
on  both ;  thus  the  stream  lines  in  the  case 
under  consideration  are  the  lines  of 
curvature  common  to  the  two  hyperbo- 
loids for  which  v  =  const,  and  10= const. 
On  each  of  the  systems  of  surfaces  there 
is.  as  is  well  known,  two  systems  of  lines 
of  curvature.  In  the  case  of  the  ellip- 
soid  they   are   the  intersections  of  this 


surface  with  each  of  the  confocal  hyper- 
boloids. The  surface  of  flow  is  made  up 
of  lines  of  flow  as  we  have  before  seen, 
as  there  is  no  motion  in  the  direction  of 
the  normal  to  this  surface.  Now  if  we 
take  cp  =  fi  we  shall  have  for  our  stream 
lines  the  intersections  of  the  system  of 
ellipsoids  zc= const.,  and  the  hyperbo- 
loids of  two  nappes  for  which  w= const. 
The  fluid  will  in  this  case  occupy  that 
portion  of  space  which  is  exterior  to  the 
ellipsoid,  and  is  limited  by  the  surface  of 
the  corresponding  hyperboloid  of  two 
nappes.  It  may  assist  the  imagination 
of  the  reader  to  conceive  these  surfaces 
for  which  we  have  ^= const.,  to  be,  as 
they  are,  the  equi-potential  surfaces 
which  Maxwell  speaks  of  in  his  treatise 
— and  the  stream  lines — to  be  the  lines  of 
force,  then  the  direction  of  the  stream 
line  at  any  point  is  the  same  as  that  of 
the  resultant  force  at  that  point.  If 
there  is  no  other  force  than  fluid  press- 
ure, the  direction  of  the  fluid  pressure  at 
any  point  is  the  direction  of  the  stream 
line.  Now  take  the  case  of  cp=  fi  that  is 
for  the  hyperboloid  of  one  nappe 
v= const.  This  is  to  be  an  equi-poten- 
tial surface,  the  fluid  pressure  is  every 
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where  normal  to  it,  that  is,  the  stream 
lines  are  the  intersections  of  the  confocal 
ellipsoid  with  the  confocal  hyperboloid  of 
two  nappes.  In  like  manner  if  cp=v  the 
stream  lines  are  normal  to  w = const.,  and 
the  lines  of  curvature  are  common  to  the 
ellipsoid  and  hyperboloid  of  one  nappe. 
The  fluid  may  fill  the  space  bounded  by 
one  of  these  hyperboloids.  Now  for  the 
velocity  in  each  of  these  three  cases. 
We  have  for  the  square  of  the  velocity 
when  cp=za 


/da\2      /day     (da\2_  

\dx)      \du)      \dz!      (u—v 


<dx/  '    \dyl 
or  we  have  also 

/day    /day   AM2_ 

\dx)      \dy)      \dz) 


(u—v)(u—w) 


(a2jtu)(b'1  +  u){c2  +  u) 


X 


y 


^  + 


This  velocity  then  is  in  general  finite, 
becoming  infinite  however  in  the  focal 
ellipse 

a?-c2  +  b2-e* 


for  which  u—v=z  -  c2  For  u=  oo  we  saw 
that  one  ellipsoid  became  a  sphere  whose 
radius  =a/u.  Now  in  this  case  the  above 
expression  for  the  square  of  the  velocity 
becomes  equivalent  to,  calling  r  the 
radius  of  the  sphere, 

4  4 

r\x2  +  y2  +  z2)  ~  '  rk 
or  the  velocity  is 


We  saw  that  if  in  our  expressions  for 
a,  fd,  y,  we  make  &--o,  that  is,  a =  b,  that 
our  hyperboloids  of  two  nappes  become 
the  meridional  planes 


x' 


y 


=  0 


cos2  A;/     sin2A)/ 

and  the  hyperboloid  of  one  nappe  be- 
come 

x'+y2  j?_ 

cosch'^'A/J  ~  coth2£A/?  ~" 

so  now  our  lines  of  curvature  or  stream 
lines  become  the  meridian  curves  of  this 
hyperboloid  of  revolution,  that  is,  they 


are  hyperbolas  lying  in  planes  passing 
through  the  axis  of  z. 

These  hyperbolas  have  for  their  foci 
the  point,  of  the  circle 


2     i  2 


■■a'-C 


which  is  the  form  now  assumed  by  the 
focal  ellipse.  It  is  obvious  that  a  stream 
line  passes  through  every  point  of  the 
surface  bounded  by  the  focal  ellipse, 
and  that  they  cut  this  surface  at  right 
angles,  the  plane  of  xy  being  a  normal 
plane  to  all  of  the  surfaces.  If  u  be- 
comes infinitely  great  the  surface  of  the 
ellipsoid  becomes  that  of  the  infinitely 
great  sphere,  and  the  lines  of  flow  normal 
to  its  surface  are  of  course  right  lines  from 
the  origin.  We  can  see  also  from  our 
values  given  for  x",y2,z2,  in  times  of  a,b,c, 
and  the  parameters  it,v,w,  that  the  ratios 
of  x,  y,  z,  in  the  case  of  u=  oo  will  be 
independent  of  this  quantity,  and  conse- 
quently the  stream  lines  are  right  lines 
drawn  from  the  origin.  The  direction 
of  the  motion  at  any  point  may  be  either 
of  the  two  directions  of  the  lines  of  curv- 
ature, but  there  can  be  no  sudden  change 
of  direction  in  the  interior  of  the  fluid ; 
if  there  be  a  surface,  however,  that 
separates  one  portion  of  the  fluid  from 
another,  it  is  possible  that  on  opposite 
sides  of  this  surface  the  motion  shall  be 
in  opposite  directions.  The  direction  of 
the  motion  is  defined  by  the  quantities 

da 

dx 


A 


da\ 

dx) 


u£y+-($ 


\dyl 


\dzj 

da 

dy 


A 


day 
dx) 


(day 


+ 


'day 
Kdz) 

da 

~dz 


day     I  day      /day 
dx)    ^Xdy)   +\dz) 

these  being  the  direction  cosines  of  the 
direction  of  S  ($  +  ($  +  (*$' 

\U/th/  \U/U/  \Lv<i/ 

Now  in  order  that  the  direction  of  the 
motion  shall  change,  it  is  necessary  to 
give  to  a  as  defined  by  the  equation 
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/QO 
77 


lJ" 


+/((?  + u)(F  +  li){c'  +  u) 


the  opposite  value;  that  is  evidently 
equivalent  to  giving  the  opposite  sign  to 
the  radical 


i/(tf +«)(&■ +«)(«r+ii). 

This  can  only  change  its  sign  by  passing 
through  the  value  zero;  it  has  this  value 
in  the  focal  ellipse  for  which  u=—e*.  Now 
if  the  surface  bounded  by  this  ellipse  be 
not  a  limiting  surface  in  the  fluid, 
there  will  necessarily  be  a  change  in  the 
direction  of  the  motion  by  passing 
through  the  surface,  as  -  ca  is  the  small- 
est value  that  u  can  have,  and  conse- 
quently du  takes  the  opposite  value  in 
passing  this  point.  There  is  no  other 
place  in  the  fluid  where  such  a  change  of 
sign,  and  consequently  of  direction  of 
motion  can  take  place  except  at  this 
plane,  and  as  it  must  take  place  here,  it 
flollows  that  this  plane  must  be  a  limit 
ing  plane  in  the  fluid,  that  is,  separates 
from  each  other  those  portions  of  the 
fluid  in  which  the  motion  takes  place  in 
opposite  directions.  In  the  case  of  cp=fi 
we  have  for  the  square  of  the  velocity 


(fMf>® 


(v-w)(v-u) 

this   is   infinite   in   two   cases,    viz:    for 
v=to=-b2,  giving  as  the  focal  hyperbola 


.<•- 


a2  -  b2 


^=1 


and  also  for  v  —  u=-c2  which  again  gives 
the  ellipse 

x-  if 


a*-c*^b*-  c" 


=1 


that  we  have  k  indefinitely  small,  that  is> 
a  -  b  an  indefinitely  small  quantity.  The 
stream  lines  will  then  be  the  intersections 
of  the  surfaces 


x"  4-  y 


+ 


COSC"  Act       cot2Aa 


=  a-C 


cosch3  i  A/3 

or  the  circles 


co  th9 /A/? 


x*  +  y2  = 


coth7iA/3  -f-  cot3Aa 


(a'-C) 


These  lines  are  not  in  the  interior  of  the 
fluid,  but  at  its  limits,  as  they  are  the 
limiting  cases  of  the  ellipsoid  and  hyper- 
boloid  of  two  nappes  which  form  the 
bounding  surfaces  of  the  fluid.  Finally 
for  cp=y  the  velocity  is 


cosh2  i\  ft  +  cos'Aa 

whose  centers  lie  in  the  axis  of  z  and 
whose  planes  a"re  perpendicular  to  this 
axis.  We  know  that  w  lies  between 
-  cC  and  -  b2,  and  therefore  now  differs 
by  an  infinitesimal  quantity  from  -  it1 ;  so 
replacing  it  by  -a2  we  have  for 
square  of  the  velocity 

4 

(a2  +  u)(a2  +  v)' 
We  had  for  x*  and  y2  the  expression 

(a2  +  u)(a2  +  v)(a2  +  w) 


the 


x 


y 


(a2-b2){a2-c) 
(b2  +  u){b2  +  v)(b2  +  to) 


(F  -c*)(b2  -a2) 

Now  for  io=  -a2  and  a2  =  b2  we  have  on 
adding  these 

x  +y  — —    a      a ' 

from  which  for  the  velocity  results 
t 2 


•, 


\dx)  +U/)  +\dz)  ~ 


Kdy  J      \dz  J      (ic-a){w-v) 

which  is  infinite  only  for  io  =  v  =  -b2  that 
is  for  the  focal  hyperbola,  as  before  this 
curve  does  not  lie  in  the  interior  of  the 
fluid,  being  the  limit  to  which  the  hyper- 
boloid  which  forms  the  boundary  of  the 
fluid,  approaches  as  to  approaches  the 
value  -  b2.    Suppose  in  this  case  of  cp=y 


{a+u2)+(a2v)    '  ^a2-c2  Vx2  +  y2 

Suppose  that  we  have  an  ellipsoid  in  the 
fluid  and  that  it  is  fixed.  As  before,  cp 
denotes  the  velocity  potential,  and  for 
the  space  outside  of  the  ellipsoid  then 
satisfies  the  equation 

A  2cp=o 
At  the  surface  of  the  body  we  must  evi- 
dently have 

dcp 


dv 


=  o 


v  denoting  the  direction  of  the  normal. 
Assume  for  cp  the  value 

when  G  is  a  constant  and  $  is  the  poten- 
tial of  the  ellipsoid  at  any  exterior  point, 
and  is  given  by  the  equation 


236 


VAN  nostkand's  enghsteeking  magazine. 


<P=7tabc 


CO 


X 


tf 


q      V(«a+^)(^+x)(ca+x)  x 

From  this  value  of  cp  we  evidently  have 
at  infinity 

dcp         dq>  ,  dcp 

~=o  -T-—o  and  -=-  =  -c 
dx         dy  dz 

or  at  infinity  the  motion  is  in  the  nega- 
tive direction  of  the  axis  of  z,  and  the 
velocity  is  =  -  c.  Now  we  must  determ- 
ine G  so  that  the  condition  at  the  surface 
of  the  body 

dcp  _ 

dv  ~ 

may  be  fulfilled.  Denote  as  before  the 
interior  normal  by  vt  the  exterior  by  vt. 
We  have  now  as  the  conditions  to  be 
satisfied 

dcp  d2$  . 

But  we  found 

d2$        d2$  __47rcos(r 
drxdz     dv,2dz  1 

From  this  multiplying*  by  G  and  trans- 
posing 

d*$ 


d$ 
dz 


=  -  Z7tCz 


and 


-= — —  =  -2nC-r-  =27iCcos(v0z) 
dvdz  dv,  v   2  ' 


G 


=  [4:7tG  -  l]cos(^22) 


dv^dz 

It  is  more  convenient  to  have  the  differ- 
ential coefficient  with  reference  to  the 
internal  than  the  external  normal.  Now 
for  an  interior  point  we  have 

«>»     ■■-■**       — 

/  ^(a*  +  XW  +  x(c2  +  X) 


$= 


nabc 


7tabc* 


oo 


dx 


A= 


f*/(<f+X)(#+X)V+X) 

dX 


-&c. 


Now  let 

/  («2  +  Z)V(a2  +  j)(62  +  x(c2  +  x) 


B: 


00 


<fy 


c= 


(&'  +  *)  V(a'  +  ;r)  (62  +  ^)(c2  +  x) 
/°  dX 

A,  B  and  C  are  constants,  and  we  can 
thus  write  $  in  the  form 

#=const.  -  7r(A^2  +  B?/2  +  Gs2) 
and  from  this 


our  equation  of  condition  will  now  be 
satisfied  by  making 

c-    JL_ 

2tt(2-C) 

We  may  now  examine  the  stream  lines  in 
the  case  when  we  have  the  velocity 
potential  given  by 

1_       cW_ 

<P~2tt{z-C)    dz     Z 

the  quantity  before  demoted  by  c  is  not 
essential,  so  we  can  make  it==l.  The 
equations  of  the  stream  lines  are 

dx        dy        dz 
dcp  ~  dcp  ~  dcp 
dx        dy        dz 

The  general  integration  of  these  equa- 
tions is  manifestly  very  difficult.  When 
the  ellipsoid  is  of  revolution  a=b  we 
may  suppose  cp  to  be  a  function  of  only 
two  variables,  p  and  z,  where 


now 


also 
d2cp 

dx2 


P=Vx*+y2 

dcp  dcp  dp  x  dx 
dx  ~  dp  dx  ~~  p  dp 
dcp  dcp  dp  y  dcp 
dy  ~  dp  dy  ~~  p  dp 

dcp  (p2—x2) 


d2cp  x2 
dp2  p2 


d2cp 


dp 


cVcp  x' 
'  dp2  p! 
dcp  x' 


-t- 


dcp  f_ 
dp   ps 


d2cp  y2 
dy2  '  '  dp2   p2 
Now  the  expression  for  A2cp  becomes 


dp  p' 


A2cp= 


-d*<P 


dz2         dp 
This  can  be  written  since 


dlcp       1  dcp 

+  -  ~-=o 


d  I     dcp\ 
dz  V     dz  J 


dcp\_ 


p  dp 
dp 
dz 
d   t     dcpr 

V 


p 


dp  x     dp 


Take  now  one  of  the  equations  of  the 
stream  lines 
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dtp  Jc) 

.I,/  dx     J 

this  clearly  becomes 

xdy—ydx-=o 


which  gives 


.'• 


—  =  const. 

y 

from  tliis  we  see  that  every  stream  line 
must  lie  in  a  plane  passing  through  the 
axis  of  z,  From  the  equation  p'2=x'2  +  y'2 
we  have 

.rd.v+i/di/  =  pdp 

also  xdy—ydx=o 

from  these 

(      xpdp        xdp 

x*  +  y  p 

Xow  take  the  other  equation  of  the 
stream  lines  it  is 

dz  ox 

Substituting  for  dx  and  -j-  their  values 

CvX 

this  becomes 


dcp  dcp 

dz  dp 


dz=o. 


But  we  saw  that 
d_ 
dz 


I    dcp\  d  I    dcp\ 

\9~dz)=-~d^\9d^) 

consequently  p  is  an  integrating  factor 
of  this  equation,  and  the  quantity  on  the 
left  of  the  equation 

dcp    _  dcp  , 

is  an  exact  differential.  Now  those  re- 
sults shew  us  that  there  must  be  some 
function  U  such  that, 

dJJ         dcp   dJJ  dcp 


dz  dp7    dp 

and  consequently 


dz 


dV  .       dTJ  _ 
■dz-\  — — dp=o 


dz  dz 

Thus  U= const,  is  the  integral  of 

dcp  _  dcp  _ 

p—i—dp  —  p  -^—dz=o 


dz 


dp 


and  is  the  equation  of  the  stream  lines. 
If  we  can  find  another  function  V  such 
that 


dz 


<P 


A%xr   d<v   cry   1  dY 


and  <f:. 

wo  can  write 


dp"     p  dp 


TT  dY 

TJ=p~  . 
dp 


From  this 

d\]  _      dcp 
dz  dp 


dp~     \p  dp       dpi1  ) 
dcp 


=  -p 


dz 


Thus  our  equations  for  -=-  and  — — -    are 

dz  dp 

satisfied,  and  we  can  write  the  equation 

of  the  stream  lines 

dY 

p-i—=const 
dp 

Take  now  the  two  equations 

„dQ 

cp=G  — — z 

dz 


<P 


dY 


dz 


They  give 
dY 


dz = G  — =-  dz  -  zdz 
dz  dz 


Integrating 


V=G<2>-'^+C1 


this  satisfies  the  first  condition  for  V; 
the  second,  viz:  4*Y=o  will  be  satisfied 
by  making 

P2 


0.= 


So  we  have  finally 


From  this 


V=G#--  +  -. 


dp         dp    2 ' 


therefore  the  equation  of  the  stream  lines 


dY 
p-r-  =const. 
dp 


becomes 
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^Grfp+2 


const. 


This  for  the  ellipsoid  of  revolution 
around  the  shortest  axis  c.  Now  sup- 
pose 

a=b=c=~R 

that  is,  the  ellipsoid  becomes  a  sphere  of 
radius  R.  Then  for  the  potential  of  this 
sphere  at  an  external  point  we  have  as  is 
well  known 

,         ±7T    R3 
$)= 

3      r 

"When  r  is  the  distance  from  the  center 
of  the  sphere  to  the  external  point  x,y,z\ 


or  r=vWy'  +  3a  =Vs"  +  pa 

Now 


d$ 


=  -7t2zC 


dz 

3 
this  gives  C=f,  and  consequently  G=h- 

Substituting  in 

d$ 

V=Gdz-z 

and  we  have  for  the  velocity  potential 
R3  d$ 


also 


dp 


4ttR3 


therefore  we  have  for  the  equation  of  the 
stream  lines 


i*-?h 


which  being  satisfied  either  by  p=o  or 
r=R  shows  us  that  the  stream  lines  are 
those  functions  of  the  axis  of  z  outside 
the  sphere  p=o,  and.  since  we  do  not  have 
r  =  +  R,  the  other  stream  lines  are  semi- 
circles cut  from  the  sphere  by  planes 
through  p  and  the  axis  of  z.  We  have 
for  the  components  of  the  velocities  in 
the  directines  z  and  p 


dcp 

dz 

dcp 

dp 


R,s 
2 

R,3 

2 


3^_ 
rb 

Spz 


-1 


We  have  from  these  that  the  velocity  at 
the    points   p  =  o   and  3=±R  is    =o. 


„-l 


These  are  the  points  of  intersection  of 
the  axis  z  with  the  semi-circles.  For  all 
points  on  the  semi-circles  we  have  r=T\l, 
and 

ds~2(R2 

dz 
Now  -=  is  the  component  velocity  in  the 

direction  of  the  axis  of  z,  therefore 
2  dz_  jg2-R2 
3'  dt  ~  1  ~~RT 


Integrating  from  t0  to  t, 
&t-t.)  =log 


R-g 

R  +  s 


If  ^0=:o,  we  have 


*=flog. 


And  solving  for  z 


z=R 


R-s 

R  +  2* 

i  _*3 


1  +  e 


4* 


This  is  the  vertical  distance  traversed  by 
any  particle  on  the  semi-circle.  For  any 
value  of  z  that  differs  from  R  by  a  finite 
quantity,  the  above  expression  will  give  a 
finite  value  for  t ;  but  for  particles  indef- 
initely near  the  points  of  intersection  z 
and  the  semi-circles,  that  is,  for  z=±~R 
we  have  £=4-00.  The  only  admissible 
values  are  z=  -  R  and  t=cc  . 

A  much  more  complete  investigation 
of  stream  lines  will  be  given  at  a  future 
time — for  the  present  I  shall  leave  the 
subject — merely  referring  the  reader  to 
Rankine's  papers  in  the  Phil.  Trans. 


Rails  for  the  Philadelphia  and 
Reading  Railroad.  —  The  Philadelphia 
and  Reading  Coal  and  Iron  Company's 
mill  in  Reading  is  full  of  work  at  pres- 
sent,  -  and  the  contracts  on  hand  will 
keep  it  busy  until  September.  This 
mill  has  been  for  some  time  past  pud- 
dling cold  charcoal  iron  car  wheels, 
instead  of  pig  iron,  for  the  heads  of 
rails  for  the  Philadelphia  and  Reading 
Railroad.  This  makes  a  superior  rail,  at 
a  slight  advance  in  price  over  an  ordi- 
nary rail,  which  is  more  than  repaid  by 
the  greater  wear. 

— Engineering. 
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THE  DETERMINATION  OF  MANGANESE. 

OX  A  NEW  VOLUMETRIC  METHOD  OF  DETERMINING  MANGANESE  IN 
MANGANIFEROUS  IRON  ORES,  SPIEGELEISEN,  STEEL,  &0.* 

IJy  JOHN    l'ATTINSON,   P.I.C. 

From  "  Engineering." 


The  manufactures  of  spiegeleisen  and 
-manganese,  ami  the  use  of  these 
substances  in  the  manufacture  of  steel, 
have  assumed  such  large  proportions, 
that  an  expeditious  method  of  accurately 
running-  manganese  in  such  materials, 
as  well  as  in  manganiferous  iron  ores, 
slags.  Ac.  is  one  of  the  most  urgent  re- 
quirements in  the  laboratories  of  steel 
and  smelting  works.  The  usual  grav- 
imetric method  of  determining- this  metal 
ctremery  tedious  and  troublesome. 
The  greater  part  of  two  days  is  very  fully 
occupied  by  the  numerous  nitrations,  evap- 
orations, ignitions,  weighings,  and  other 
operations  this  method  requires  before 
the  amount  of  manganese  in  a  mangan- 
iferous iron  ore,  for  instance,  can  be 
ascertained.  The  method,  moreover, 
when  applied  in  the  usual  manner  to 
such  ores,  and  to  slags  or  other  sub- 
stances containing  lime  or  magnesia,  is 
often  inexact  and  uncertain.  The  pre- 
cipitate of  manganese  oxides  obtained 
by  adding  bromine  to  an  ammoniacal 
solution  containing  manganese  carries 
down  with  it  portions  of  nearly  every 
other  substance  contained  in  the  solution. 
It  is  usual  to  separate  and  determine  the 
silica,  baryta,  zinc  oxide  ferric  oxide,  and 
some  other  oxides  in  this  precipitate,  but 
it  is  not  usual  to  separate  any  lime  or 
magnesia  which  may  also  be  present,  and 
hence  it  is  that  the  manganese  in  these 
ores,  &c,  is  sometimes  much  over- 
stated. I  have  known  cases  where 
differences  of  upwards  of  1\  per  cent,  in 
the  results  of  different  chemists  have  oc- 
curred from  this  cause  in  testing  mangan- 
iferous iron  ores.  The  difficulty  of  ig- 
niting the  oxide  of  manganese  precip- 
itated so  as  to  obtain  pure  manganoso- 
manganic  oxide  (Mn304)  is  also  another 
fruitful  source  of  error. 

The  ordinary  gravimetric  method  as 
applied  to  spiegeleisen,  ferro-manganese 
and  steel,  gives  very  accurate  results  if 
the    ignition    of     the    manganese    pre- 

•  Paper  read  before  the  Iron  and  Steel  Institute. 


cipitate  is  carefully  attended  to,  and  the 
ferric  oxide,  which  the  precipitate  usually 
contains,  is  separated.  But  the  slowness 
of  the  process  is  a  groat  objection.  The  de- 
termination of  manganese  in  spiegeleisen 
by  the  indirect  method — that  is,  esti- 
mating the  iron,  assuming  that  the  sub- 
stance contains  5  or  6  per  cent,  of  carbon, 
silicon,  &c,  and  that  the  remainder 
consists  of  manganese-is  a  very  untrust- 
worthy method.  I  have  known  instances 
where  the  amount  of  manganese  would 
have  been  overstated  by  more  than  2  per- 
cent, had  this  method  of  analysis  been 
adopted. 

Many  volumetric  methods  of  determin- 
ing manganese  have  been  proposed  from 
time  to  time  by  various  chemists, 
but  none  have  hitherto  come  into  gen- 
eral use.  In  some  cases  these  methods 
have  failed  because  it  has  been  found 
that  they  are  as  troublesome  as  the  grav- 
imetric method  they  were  intended  to 
supersede  ;  but  most  have  failed  owing  to 
the  difficulty  or  imposibility  of  obtaining 
the  whole  of  the  manganese  in  a  con- 
stantly uniform  state  of  oxidation. 

After  numerous  experiments  carried  on 
for  a  long  period,  I  have  at  last  succeeded 
in  working  out  a  method  by  which  the 
whole  of  the  manganese  in  a  solution  may 
with  certainty  be  precipitated  as  hydra- 
ted  dioxide,  and  the  amount  of  this  oxide 
readily  and  accurately  measured. 

I  find  that  the  whole  of  the  manganese 
in  a  solution  of  manganous  chloride  can 
be  invariably  precipitated  as  dioxide,  if  a 
certain  amount  of  ferric  chloride  be  also 
present  in  the  solution  when  a  sufficient 
excess  of  solution  of  calcium  hypochlorite 
(bleaching  powder),  or  bromine  water,  is 
added,  and,  after  heating  the  solution  to 
from  140°  to  160°  Pah.,  (60°  to  70°  Cent.), 
excess  of  calcium  carbonate  is  then  added, 
and  the  mixture  well  stirred. 

When  the  ferric  salt  is  absent,  and  the 
other  conditions  are  observed — that 
is,  when  excess  of  solution  of  calciiun 
hypochlorite  or  bromine  water  is  added 
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to  a  solution  of  pure  manganous  chloride 
then,  after  heating  to  about  150°  Fah. 
adding  excess  of  calcium  carbonate,  and 
stirring — the  precipitate  invariably  con- 
tains a  certain  proportion  of  lower  man- 
ganese oxides,  the  amount  of  manganese 
precipitated  as  dioxide  varying  from 
98.20  to  99.27  per  cent,  of  the  amount 
of  manganese  present  in  the  solution. 

Heat  is  also  essential  in  order  to  obtain 
all  the  manganese  as  dioxide,  for  if  the 
precipitation  it  made  by  calcium  hypo- 
chlorite and  calcium  carbonate  in  the 
presence  of  much  ferric  chloride  in 
the  cold,  the  precipitate  then  contains 
only  from  98  to  99  per  cent,  of  its  manga- 
nese as  dioxide. 

I  have  also  experimented  carefully  to 
ascertain  the  amount  of  ferric  chloride 
necessary  to  cause  the  whole  of  the  man- 
ganese to  be  precipitated  in  the  desired 
condition  of  dioxide,  and  I  find  that  if 
there  is  at  least  half  as  much  iron  as  man- 
ganese in  the  solution  it  is  sufficient.  In 
practice,  however,  I  prefer  to  have  about 
equal  quantities  of  each  metal  in  solution. 
A  large  excess  of  iron  is  no  disadvant- 
age. 

"When  equal  quantities  of  manganese 
and  iron  are  present,  and  the  other  con- 
ditions fulfilled  as  described,  I  have  found, 
by  numerous  experiments,  that  the  whole 
of  the  manganese  is  precipitated  as  diox- 
ide, the  results  I  have  obtained  having 
almost  invariably  indicated  from  99.95  to 
100.12  per  cent,  of  the  manganese  precip- 
itated in  this  form,  when  operating  on 
portions  of  from  three  to  six  grains  of 
pure  manganoso-manganic  oxide. 

I  will  now  describe  the  manner  in  which 
I  use  the  above-mentioned  reaction  for 
the  quantitative  determination  of  man- 
ganese, and  this  will  be  done  best  by  giv- 
ing the  details  of  my  method  in  its  appli- 
cation to  the  testing  of  manganiferous 
iron  ores,  spiegeleisen,  ferro-manganese, 
steel,  &c,  for  manganese. 

The  following  are  the  special  solutions 
and  other  special  re-agents  required  in 
the  process.  These  are  all  in  ordinary 
use  in  metallurgical  laboratories  or  can 
be  very  readily  obtained.     They  are: 

1.  /Solution  of  Calcium  Hypochlorite 
{Bleaching  Powder). — The  solution  I  use 
is  made  by  diffusing  in  10,000  grains  of 
water  150  grains  of  ordinary  bleaching 
powder  or  chloride  of  lime  containing 
about  35  per  cent,  of  available  chlorine. 


The  clear  solution  is  separated  from  the 
insoluble  portion  by  decantation  or  filtra- 
tion and  bottled  for  use. 

2.  Calcium  Carbonate. — It  is  desirable 
that  this  should  be  of  a  light  granular 
pulverulent  character,  so  that  it  can  be 
readily  diffused  through  the  solution,  and 
does  not  form  clots,  which  fall  at  once 
to  the  bottom  of  the  beaker  in  which  the 
precipitation  takes  place.  This  kind  of 
carbonate  of  lime  can  often  be  had  from 
the  dealers  in  re-agents,  but  it  may  be 
formed  when  solutions  of  calcium  chloride 
and  sodium  carbonate  are  added  together 
at  a  temperature  of  about  180°  Fah., 
keeping  the  calcium  chloride  slightly  in 
excess,  and  washing  the  precipitate  well 
and  drying. 

3.  Solution  of  Ferrous  Sulphate  in 
excess  of  Sulphuric  Acid. — The  solution 
I  use  contains  about  10  grains  of  iron  in 
1000  grains  of  solution,  and  is  made  by 
dissolving  crystals  of  ferrous  sulphate  in 
a  mixture  of  one  part  of  monohydrated 
sulphuric  acid  and  three  parts  of  water ; 
530  grains  of  crystals  in  10,000  grains  of 
the  dilute  acid  give  a  solution  containing 
about  ten  grains  of  iron  in  each  1000 
grains. 

4.  Standard  Solution  of  Potassium 
Dichromate. — The  solution  I  use  is  made 
so  that  1000  grains  of  it  are  equal  to  10 
grains  of  iron,  and  is  the  solution  I  use 
in  the  determination  of  iron  in  iron  ores, 
&c.  It  should  be  carefully  standard- 
ized. 

Manganiferous  Iron  Ores. — These 
ores  generally  contain  from  15  to  25  per 
cent,  of  manganese,  and  at  least  20  per 
cent,  of  iron.  They,  therefore,  usually 
contain  a  sufficient  amount  of  iron  for 
the  dioxide  precipitation.  Ten  grains  of 
the  ore,  dried  at  212°  Fah.,  are  placed  in 
a  beaker  of  about  20  ozs.  capacity,  and 
dissolved,  by  the  aid  of  heat,  in  about  100 
fluid  grains  of  hydrochloric  acid  of  about 
1180  specific  gravity.  When  completely 
dissolved,  the  cover  and  sides  of  the  beaker 
are  rinsed  by  a  jet  of  cold  water,  and 
then  calcium  carbonate  is  added  until  the 
solution  becomes  of  a  slightly  reddish 
color,  showing  that  the  free  acid  is  neu- 
tralized. Six  or  seven  drops  of  hydro- 
chloric acid  are  now  added  in  order  to 
slightly  acidify  the  solution,  as  it  is  found 
that  the  precipitate  falls  in  the  best  condi- 
tion for  being  filtered  and  washed  when 
this  is  done.     About  1,000  grains  of  the 
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solution  of  bleaching  powder  are  now 
added,  and  then  boiling  water  is  run  in 
imtil  the  solution  is  heated  to  about  140" 
to  160°  Fah.  When  the  right  temper- 
ature has  been  reached  may  be  sufficiently 
nearly  ascertained  by  applying  the  hand. 
About  25  grains  of  calcium  carbonate 
(which,  for  convenience,  may  be  meas- 
ured) are  now  added,  and  the  solution 
well  stirred  until  the  evolution  of  car- 
bonic acid  ceases.  The  dark  brown  pre- 
cipitate of  oxides  of  manganese  and  iron 
settles  readily,  generally  leaving  a  color- 
less supernatent  liquid ;  but  if  the  bleach- 
ing powder  has  been  much  in  excess,  the 
supernatent  liquid  has  sometimes  a  pink 
color  owing  to  the  formation  of  perman- 
ganic acid.  Should  this  be  the  case,  a 
few  drops  of  alcohol  are  added  until  the 
pink  color  is  destroyed.  If  sufficient 
bleaching  powder  has  been  added,  the  solu- 
tion smells  of  chlorine,  or  it  may  be  tested 
for  excess  by  a  strip  of  iodised  starch 
paper. 

Instead  of  the  solution  of  bleaching 
powder,  about  500  grains  of  saturated 
bromine  water  may  be  used.  In  this 
case,  it  is  unnecessary  to  add  any  acid 
after  the  neutralization  of  the  solution  by 
calcium  carbonate,  as  sufficient  acid  is 
formed  in  the  reaction.  Care  must  be 
taken  that  sufficient  calcium  carbonate  is 
present  to  neutralize  all  free  acid. 

The  precipitate  is  now  collected  on  a 
double  filter  of  sufficient  capacity,  and 
washed  with  cold  or  warm  water  until 
the  washings  show  no  trace  of  chlorine 
or  bromine,  when  carefully  tested  by 
iodised  starch  paper.  The  washing  is 
readily  accomplished,  and  rarely  takes 
longer  than  a  quarter  of  an  hour. 

A  thousand  grains  of  the  acidified  fer- 
rous sulphate  solution  are  now  carefully 
measured  from  a  pipette  into  the  beaker 
in  which  the  precipitation  has  been  made, 
and  which  usually  contains  a  small  quan- 
tity of  adhering  dioxide,  and  the  filter 
with  its  contents  are  removed  from  the 
funnel  and  placed  in  the  iron  solution. 
The  precipitate  very  readily  dissolves, 
even  in  the  cold  solution,  the  manganese 
dioxide  converting  its  equivalent  of  ferrous 
sulphate  into  ferric  sulphate.  A  sufficient 
amount  of  cold  water  is  now  added,  and 
the  amount  of  ferrous  sulphate  still 
remaining  in  the  solution  is  ascertained, by 
adding  from  a  burette  the  standard  solu- 
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tion  of  potassium   diehrnmate,  just  as  in 

the  testing  of  an  iron  ore. 

The  exact  amount  of  ferrous  sulphate 
existing  in  the  1000  grains  of  ferrous 
sulphate  solution  at  first  is  determined 
by  measuring  another  1000  grains  from 
the  pipette,  and  after  adding  a  filter  to  it 
of  the  size  used  in  collecting  and  wash- 
ing the  precipitate,  titrating  it  with  the 
potassium  dichromate  solution.  Some- 
times filtering  paper  has  a  slightly  reduc- 
ing action,  and  the  influence  of  this  is 
thus  counteracted.  It  is,  however,  quite 
easy  to  obtain  filtering  paper  that  has  no 
reducing  action  on  the  solution ;  but  it  is 
safer  to  standardise  after  adding  a  filter 
to  the  solution  as  I  have  directed. 

Supposing  the  1000  grains  of  ferrous 
sulphate  solution  used  in  standardizing 
has  required  101.1°  of  dichromate  solu- 
tion (I  use  a  burette  graduated  to  hold 
150°  of  10  grains  each,  or  1500  grains), 
and  the  1000  grains  to  which  the  man- 
ganese precipitate  obtained  in  testing  an 
ore  has  been  added  has  required  57.0°  of 
the  dichromate  solution,  the  percentage 
of  manganese  in  the  ore  is  calculated  as 
follows:  101.1-57.0=44.1°  of  dichromate 
solution,  which  are  equal  to  4.41  grains 
of  iron,  the  amount  of  iron  converted 
from  ferrous  to  ferric  sulphate  by  the 
manganese  dioxide  yielded  by  10  grains 
of  the  ore.  On  multiplying  the  amount 
of  iron  thus  per  oxidized  by  0.491  the  total 
amount  of  manganese  contained  in  the 
ore  is  ascertained.  In  this  case,  4.41  x  0.491 
=2.165  grains  of  manganese  in  the  10 
grains  of  ore,  equal  to  21.65  per  cent. 

Should  the  ore  to  be  tested  be  a  rich 
manganese  ore,  containing  less  iron  than 
one-half  the  manganese   it   contains,    it 
will  then  be  necessary  to  add  a  sufficient 
amount     of    ferric    chloride    free   from 
j  manganese.     As    before    mentioned,     I 
1  prefer  having  about  equal  parts  of  manga- 
j  nese  and  iron  when  the  precipitation  is 
!  made.     The  ferric  chloride  I  use  for  this 
i  purpose,  and  which  was  used  in  the  above- 
j  mentioned  experiments  with  pure  Mn3  04, 
|  is  prepared  by  precipitating  the  ferric  oxide 
in  a  ferric  salt  once  or  twice  with  calcium 
j  carbonate,  and  washing  so  as  to  get  rid  of 
the   small   amount  of  manganese   which 
i  even  the  purest  iron  wire  contains.     The 
ferric  oxide  is  then  dissolved  in  hydro- 
chloric acid,  and  made  up  to  a  known 
bulk. 

For  the  amounts  of  bleaching  powder 
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solution,  and  other  re-agents  mentioned 
above,  it  will  be  necessary  to  operate 
upon  such  a  quantity  of  the  sample  as 
will  not  contain  much  more  than  about 
2.5  grains  of  manganese.  If  larger 
quantities  are  taken,  then  the  amounts  of 
the  re-agents  must  also  be  proportion- 
ately increased.  But  it  is  unnecessary  to 
operate  upon  a  larger  quantity  than  I  have 
indicated,  seeing  that  there  is  no  diffi- 
culty in  obtaining  results  which  agree 
within  a  tenth  of  a  per  cent.  ;  moreover, 
the  bulk  of  the  precipitate  from  such  a 
quantity,  and  the  amounts  of  solutions 
required,  are  convenient  to  work  with. 

If  it  is  preferred,  a  larger  quantity  of 
the  ore — say  50  or  100  grains — may  be 
dissolved,  and  the  solution  made  up  to  a 
known  bulk  in  a  measuring  flask,  from 
which  measured  portions  may  be  taken. 

It  is  necessary  to  standarise  the  fer- 
rous sulphate  solution  about  once  a  day, 
as  it  becomes  slowly  oxidized  on  ex- 
posure to  air. 

Spiegeleisen. — This  alloy  usually  con- 
tains fromlO  to  25  per  cent,  of  manganese, 
and,  of  course,  a  sufficient  amount  of 
iron  for  the  dioxide  precipitation.  Ten 
grains  are  taken  f<Jr  analysis.  This 
amount  is  dissolved  in  about  120  grains 
of  hydrochloric  acid  with  the  aid  of 
heat.  About  50  grains  of  nitric  acid  are 
then  added  for  the  purpose  of  con- 
verting the  ferrous  into  ferric  chloride. 
After  washing  the  cover  and  sides  of  the 
beaker  with  cold  water,  the  excess  of  acid 
is  neutralized  by  the  addition  of  calcium 
carbonate  until  the  solution  has  a  reddish 
color;  1000  grains  of  the  bleaching  pow- 
der solution  or  about  500  grains  of  bro- 
mine water  are  added,  without  previous 
addition  of  hydrochloric  acid  as  in  the 
case  of  ores.  Hot  water  is  then  added 
to  heat  the  solution  to  from  140  deg.  to 
160  deg.  Fahr.,  and  then  about  25  grains 
of  calcium  carbonate,  and  the  solution 
well  stirred.  The  rest  of  the  process  is 
conducted  as  before  described. 

Ferro-Manganese. — For  the  quantita- 
tive .  analysis  of  the  alloy  an  amount 
which  contains  from  2  to  4  grains  of 
manganese  may  be  taken.  The  solution 
is  made  as  in  the  case  of  spiegeleisen.  If 
the  alloy'  contains  less  iron  than  manga- 
nese ferric  chloride  is  added  so  as  to  make 
the  amounts  of  the  two  metals  in  the  so- 
lution about  equal.* 

The  amount  of  bleaching  powder  so- 


lution to  be  added  must  depend  upon 
the  amount  of  manganese  in  the  solution, 
taking  care  to  add  about  400  grains  of 
bleaching  powder  solution  of  the  stregth 
above  named  for  every  grain  of  manga- 
nese present. 

As  in  the  case  of  ores,  instead  of  weigh- 
ing off#separately  the  amounts  required 
for  each  test,  a  larger  quantity  may  be 
dissolved  and  peroxidized,  and  after 
making  up  the  solution  to  a  known  bulk 
in  a  measuring  flask,  the  necessary  quan- 
tities for  the  tests  measured  out. 

Steel. — Fifty  grains  of  steel  are  dis- 
solved, by  the  acid  of  heat,  in  about  350 
grains  of  hydrochloric  acid  of  about  1180 
specific  gravity.  The  iron  is  then  con- 
verted into  ferric  chloride  by  the  addition 
of  about  90  grains  of  nitric  acid  of  about 
1440  specific  gravity.  The  solution  is 
made  in  a  beaker  of  about  30  ozs.  capac- 
ity. Calcium  carbonate  is  then  added  un- 
til the  solution  is  slightly  red;  135 
grains  of  calcium  carbonate  are  now 
weighed  or  measured,  and  about  one-half 
of  this  added  to  the  solution.  After  the 
effervescence  caused  by  the  escape  of 
carbonic  gas  has  ceased,  about  400  grains 
of  the  bleaching  powder  solution  are  ad- 
ded, and  then  hot  water  to  heat  about 
150  deg.  Fahr.,  and  then  the  remainder 
of  the  calcium  carbonate.  If  all  the  cal- 
cium carbonate  is  added  at  once,  the 
effervescence  is  so  great  that  the  sub- 
stance is  likely  to  froth  over  the  edges  of 
the  vessel ;  and  if  the  bleaching  powder 
solution  is  added  before  any  calcium  car- 
bonate has  been  added,  the  chlorine  is 
likely  to  be  expelled  by  the  evolution  of 
the  carbonic  acid.  The  calcium  carbonate 
is,  therefore,  added  at  twice,  and  the 
bleaching  powder  solution  between  the 
two  additions.  The  precipitate  is  then 
thrown  on  a  sufficiently  large  filter  and 
washed  until  free  from  any  trace  of  chlo- 
rine. Although  the  precipitate  is  bulky 
it  is  very  readily  washed. 


*  Since  the  above  was  written  I  have  ascertained  that 
F.  Kessler  recommends  the  use  of  zinc  chloride  for  the 
purpose  of  preventing  the  formation  of  low«.-r  oxides  than 
dioxide  when  manganese  is  precipitated  from  its  solu- 
tions (Zeitschr.  Anal.  Chem.,  18T7,  1-14).  The  method 
by  which  he  proposes  to  utilize  this  reaction  for  the 
volumetric  analysis  of  manganese  is,  in  my  opinion,  too 
troublesome  and  complicated  for  ordinary  use;  but  I 
have  tried  the  use  ot  zinc  chloride  instead  of  ferric 
chloride  as  applied  to  my  method  of  precipitation  and 
analysis,  ai  d  find  it  answers  equally  well,  and  that  it  is 
suffiieeut  to  have  about  a<  much  zinc  as  manganese  pres- 
ent in  solution.  In  cases,  therefore,  where  a  sufficient 
amount  of  iron  is  not  already  present.  An  addition  of 
zinc  chloride  may  be  substituted  for  the  ferric  chloride 
above  recommended. 
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About  200 grains  of  the  ferrous  sulphate 
solution  are  standardised,  and  the  same 
quantity  used  for  decomposing  the  manga- 
nese dioxide  in  the  ease  of  steels  ;  but  it 
is  sometimes  found  necessary  to  add  a 
little  additional  sulphuric  acid  in  order 
to  dissolve  the  ferric  oxide  precipi- 
tate and  the  excess  of  calcium  carbonate 
it  may  contain. 

Manganest  Slags,  &c. — These  are  treat- 
ed similarly  to  the  above,  using  for  the 
analysis  such  a  quantity  as  will  not  contain 
more  than  about  2.5  grains  of  manga- 
nese for  the  above  amounts  of  re-agents, 
and  taking  care  to  have  a  sufficient  amount 
of  ferric  chloride  in  the  solution  when  the 
manganese  is  precipitated. 

Should  lead,  copper,  nickel,  or  cobalt 
exist  in  the  substance  under  examination, 
these  must  be  separated  before  the  manga- 
nese is  precipitated,  as  they  form  higher 
oxides  imder  the  conditions  of  the  pre- 
cipitations, which  oxides,  like  manganese 
dioxide,  convert  ferrous  into  ferric  oxide. 
Fortunately,  in  most  manganiferous  iron 
ores,  and  in  spiegeleisen,  ferro-manga- 
nese,  and  steel,  none  of  these  metals  occur 
in  such  quantity  as  to  appreciably  affect 
the  correct  estimation  of  the  manganese. 

In  testing  spiegeleisen  and  ferro-manga- 
nese,  which  do  not  contain  lime  or  mag- 
nesia, the  results  of  the  direct  gravimet- 
ric method  agree  fairly  well  with  those 
given  by  the  new  volumetric  method,  if, 
in  the  gravimetric  method,  care  has  been 
taken  to  heat  the  bromine  precipitatate 
to  a  long-continued  high  red  heat,  and  to 
separate  the  iron  it  usually  contains,  the 
difference  between  the  results  of  the  two 
methods  being  seldom  more  than  one- 
tenth  of  a  per  cent.  The  following  are 
a  few  of  the  results  I  have  obtained  by 
both  methods  of  analysis  : 

By  usual  Gravimetric  By  new  Volumetric 


1. 


3. 


Analysis. 

Analysis. 

per  cent. 

per  cent. 

19.81 

19.89 

.       — 

19.84 

22.41 

22.39 

22.46 

22.41 

28.80 

28.92 

28.76 

28.92 

I     55  51 

55.58 

i     55.66 

55.58 

\     69.34 

69.34 

1     69.34 

69.34 

;     74.81 

74.93 

»     74.95 

74.93 

well  for  tho  determination  of  manganese 
in  steels.  Two  portions  of  50  grains  of 
pure  iron,  to  which  known  weights  of 
manganese  were  added,  indicated  0.304 

and  0.G40  per  cent,  of  manganese  instead 
of  0.302  and  0.(504  per  cent,  respectively. 
A  steel  which,  by  careful  gravimetric 
analysis,  was  found  to  contain  0.012  per 
cent,  of  manganese  indicated  0.92  percent, 
by  the  new  volumetric  method. 

I  have  tested  very  large  numbers  of 
samples  of  manganiferous  iron  ore,  spieg- 
eleisen, and  ferro-manganese  by  the 
method  I  have  described  in  this  paper, 
and  have  found  that  the  results  of  the 
duplicate  tests  have  been  almost  invari- 
ably alike,  there  being  only  occasionally -a 
difference  of  0.1  deg.  or  0.2  deg.  in  the 
reading  of  the  burette,  equal  to  0. 05  or  0. 10 
per  cent,  of  manganese  in  the  sample. 
In  fact,  it  is  now  possible  to  determine 
manganes  evolumetrically  by  this  method 
as  exactly,  and  almost  as  speedily,  as  it  is 
possible  to  determine  iron  volume trically 
by  Penny's  well-known  bichromate  of 
potash  method. 


The   new  method  also  answers   very 


Transmission  of  Motive  Power. — M. 
Tresca  laid  before  the  French  Academy 
of  Sciences,  at  a  recent  meeting,  some 
information  on  this  subject.  On  the 
Lyons  Railway  a  force  of  from  two  to 
three-horse  power  had  been  transmitted 
to  a  considerable  distance,  to  work  a 
crane,  by  means  of  an  electric  wire.  He 
stated  that  only  last  week  he  had  wit- 
nessed other  experiments  of  a  similar 
nature  at  Sermaize  (Marne),  but  in  this 
case  the  trials  were  of  a  more  precise 
nature,  and  their  object  was  to  plough 
land  by  electricity.  The  apparatus  con- 
sisted of  a  steam-engine  setting  in  mo- 
tion a  Gramme  machine,  producing  a 
voltaic  current  which,  at  a  distance  of 
400  meters,  acted  on  two  Gramme  ma- 
chines at  opposite  sides  of  the  field,  and 
from  these  the  windlasses  of  the  steam 
plough  were  driven.  M.  Tresca  has  not 
yet  been  able  to  determine  the  cost  of 
this  process  of  ploughing  as  compared 
with  other  systems,  but  he  is  about  to 
carry  out  a  series  of  experiments  at  the 
Conseiwatoire  des  Arts  et  Metiers,  to  de- 
termine the  question.  He  is  of  opinion 
that  the  expense  will  not  exceed  that  of 
other  methods  now  in  use. 
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II. 


The  system  required  for  the  extrac- 
tion of  the  cube  root  is  more  simple,  be- 
ing a  combination  of  three  elements  only, 
as  shown  in  Figure  14. 

Since  the  elements  have  all  the  same 
power  C2  we  have ;  taking  OA  —  x ; 

AB=,— OB-OA  -  AB=  X—±- 


BC~  = 


C2x 


OB 


x' 


C2 


AC=BC-AB= 


C2 


AD=4c= 


x(x2-C2) 
x(x>  -  C2) . 


C2 


and 


then 


OD=OA+AD= 
OD 


x' 


C 

OD: 


(?) 


C2 
or  if  C=l 


:X\ 


The  resolution  of  equations  of  any  de- 
gree^is  of  more  importance  than  the  ex- 
traction of  roots,  and  the  Peaucellier  cell 
may  be  applied  to  these  problems  in  dif- 
ferent ways. 

HThus,  in  some  cases,  the  equation  can 
be  written  in  a  complex  form,  the  differ- 
ent parts  of  which  may  be  calculated  by 
means  of  this  linkage. 

Take^for  example  the  equation 
4:X*-Sx-a=Q 


which  can  be  put  under  the  form 

4C2 


a=x- 


C2 


C2 


x 


+ 


C2 


x 


-X 


in  which  are  presented  three  inversions  ; 
C2        C2  ,  4C2 


x      C'2 


and 


x 


■x 


C2 

■h 

CJ 

C2 

X 



— 

X 

X 
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The  solution  then  requires  three  ele- 
ments whose  powers  are,  CQ,  C3  and  (2C)a 
which  we  will  couple  as  indicated  in  Fig. 
15. 

Now  taking  OA  =  x,  we  have 

f!a  C2  —  <ra 

AB=  -,  OB=AB-OA=- — -, 
x  x 


CB-S- 


C2x 
C'-x" 

AC=CB  +  AB= 


Ca 


^"AC-        V 

and 

0D=0A-AD=4 


x(c2-x*y 


CJ 


then 


c"=nc)-3(c) 


or  expressing  OD  and  x  as  functions  of 
C; 

±xs  -  3x  -  OD  =  0, 


so  that  making  O/Y  =  x  gives  one  of 
the  roots  of  the  equation,  taking  OD  =a. 
This  system  will  also  afford  a  solution 
of  the  famous  problem,  the  trisect  ion  of 
an  angle.  Since  in  the  trigonometrical 
expression 

cos  3a =4  cos8  a  +  3  cos  a 
we  have  ^=cos  a,  by  taking— — =cos  3a 

Thus  in  Fig.  15  we  have  taken 

OD=20  cos  76B=5.176 

,        „    .  OA18     __ 

and  we  find  cos  a=~ r.  — =0.9 

which  gives  for  a  a  value  of  25°. 

Besides  this  solution  there  is  another 
by  means  of  curves,  whose  tracing  is 
possible  by  the  Peaucellier  cell,  and  of 
which  we  will  speak  further  on.  The 
trimetric  curve  serves  especially  for  this 
purpose,  and  this  curve  is  obtained 
equally  well  by  the  oval  mechanism  of 
Leonardo  da  Vinci. 


Fig.  15.  / 
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In  resolving  the  equation  above  we 
have  written  it  under  a  more  complex 
form,  without  concerning  ourselves  with 
the  question  of  how  far  such  a  reduction 
is,  systematically  possible,  as  such  a  ques- 
tion would  be  aside  from  the  purpose  of 
this  paper,  and  furthermore,  as  another 
and  more  general  method  may  be  fol- 
lowed for  the  mechanical  solution  of 
equations  of  any  degree. 

This  method  which  we  believe  to  be 
new,  is  based  upon  the  well-known  projD- 
erty  that  in  all  complete  equations  ar- 
ranged with  reference  to  the  powers  of 
the  unknown  quantity,  the  co-efficient  of 
the  second  term  is  equal  to  the  sum  of 
the  roots  taken  with  contrary  sign ;  the 
co-efficient  of  the  third  term  is  equal  to 
the  sum  of  their  products  taken  two  and 
two ;  and  the  co-efficient  of  the  fourth 
term  is  equal  to  the  sum  of  the  products 
three  and  three,  taken  with  the  opposite 
sign,  etc.,  and  finally,  that  the  last  term 
is  equal  to  the  product  of  all  the  roots, 
taken  with  the  same  or  the  contrary  sign, 
according  as  the  degree  of  the  equation 
is  even  or  odd. 

The  general  form  .of  an  equation  of 
the  second  degree  would  thus  be : 

x2  -  [a  +  b)  x  +  ab  =  0, 

supposing  for  the  sake  of  simplicity,  that 
the  roots  a  and  b  are  real  and  positive. 

Since  in  a  negative  Peaucellier  ele- 
ment, of  which  the  power  OB2  -  BC2  is 
ab,-(Fig.  16)  the  product  of  the  arms  OB 
and  BA  remains  in  all  possible  positions 
of  the  system  constant  and  equal  to  ab  ; 
it  follows  that  the  different  values  of  OB 
and  BA  give  all  possible  cases  of  the 
constant  product  ab,  and  of  all  these 
values  it  is  necessary  only  that  we  take 
the  two  whose  sum  is  a  +  b,  we  have  only 
to  make  OA  =  a  +  b.  This  is  easily 
accomplished  by  a  divided  scale  along 
OA,  and  the  roots  are  then  immediately 
given  by  OB  and  BA. 

For  the  different  values  of  the  product 
of  the  roots,  the  hinges  C  and  C  can  be 
adjustable  as  in  the  proportional  dividers, 
or  quite  as  well,  and  what  is  more  sim- 
ple, the  product  of  the  roots  can  be  re- 
duced to  the  constant  value  OC2  ~  CB2 
by  multiplying  by  n,  which  changes  the 
equation  to 

x*  -  n  (a  -f  b)  x^  +  n2  ab  =  0 

in  which  n  can  be  chosen  so  that 


OC2  -  BC2  =  w"  ab. 

For  the  case  where  the  two  roots  are 
negative  the  signs  may  be  changed,  and 
if  one  only  is  positive  or  negative,  the 
solution  requires  a  positive  Peaucellier 
element  instead  of  a  negative  one. 


In  the  mechanical  solutions  of  equa- 
tions of  higher  degrees  it  happens  that 
some  of  the  distances  or  lengths  require 
tb  be  transposed.  The  combination  of 
links  which  effects  this  is  designated  the 
transporter,  and  is  constructed  as  indi- 
cated in  Fig.  17. 

-This  arrangement  is  not  the  most 
simple;  it  can  be  replaced  by  the 
isosceles  figure  with  crossed  sides  shown 
Fig.   44.      We  prefer,    however,   to 


m 


apply  here  the  system  of  six  rods  as  in 
Fig.  17  by  reason  of  the  symmetry. 

In  this  arrangement  the  bars  form  two 
lozenges,  one  within  the  other,  in  such  a 
manner  that  OB=0'B',  or  in  other 
terms,  OB  is  always  transported  in  O'B'. 

The  general  equation  of  the  third 
degree 
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x'-(a  +  b  +  e)x*  -f  (ab  +  etc  +  #<•)  +  aj-a&c=o 

in  wluch,  for  the  sake  of  simplicity,  we 
suppose  the  roots  a,  6  and  c,  to  be 
real  and  positive;  is  solved  mechanically 
by  aid  of  a  transporter  and  three  neg- 
ative Peaucellier  elements  (Fig.  18)  of 

which  the  powers  01^— IT$\  CPC'— Sff 

and  DH2— EHa  are  equal  among  them- 
selves, and  to  abc  or  to  n*abc  if  we  make 
the  roots  n  times  as  great. 


For  this  "purpose  it  is  only  necessary 
to':move  Ajin  the  direction  of  O  and 
A'fctowards  O',  so  that  OA  shall  be  equal 
to~ac  +  bc+.ab  or  to  ri*(ac  +  bc  +  ab)  and 
so  that  O'A'  =  a  -f  b  +  c  or  to  n  {a  +  b  +  c) ; 
the  distances  OB,  BC  and  CA'  giving 
then  immediately  the  values  of  the  roots 
directly,  or  these  values  multiplied  by  n. 

The  values  are  represented  as  follows: 

0'B=aBC=5andCA'=c 
0'A?=a+b+c 

a       „.  OF3-FBa     abc 

and      0B= — =^ — =— -  =ac 

_.  ^      abc     . 
BE  =  —  =bc 
a 

^  .       abc      abc        , 
smce    EA=^=eF=oJ 

then     O  A  =ac  +  £c-t-a# 

It  follows  inversely  that  O'B,  BC  and 


CA'  will  represent  the  roots  of  the  equa- 
tion if  O'A'  is  equal  to  the  coefficient  of 
the  2nd  term,  and  OA  to  that  of  the  3rd 
term. 

It  is  understood  that  the  connection 
of  the  elements  is  such  that  their  arms 
remain  constantly  upon  the  line  OA.  In 
the  present  instance  this  condition  is 
verified  only  for  the  two  elements  II'" 
and  HH'  while  the  arm  of  the  element 
GG'  coincides  with  a  line  passing 
through  E,  and  the  arm  of  the  system 
FF'  with  all  lines  passing  through  C; 
consequently  the  three  points  B,  C  and 
A  form  in  general  a  triangle  instead  of 
being  situated  in  a  right  line. 

It  is  easy  to  obviate  this  by  making 
the  points  to  move  in  a  groove;  then  the 
lower  half  of  the  system  may  be  dis- 
pensed with,  and  the  working  simplified. 
In  every  case  it  would  be  necessary  to 
employ  a  divided  scale  with  the  groove, 
in  order  to  be  able  to  fix  the  points  O,  A, 
O'  and  A'  at  determined  distances  in 
order  to  read  off  the  values  of  a,  b  and  c. 

For  our  present  purpose,  however,  it 
is  more  in  keeping  to  employ  the  articu- 
lated rods  only. 

It  is  clear  that  it  will  suffice  to  guide 
a  single  point  such  as  C,  in  the  direction 
passing  through  two  other  points  B  and 
E,  which,  by  reason  of  the  reciprocal  con- 
nection of  the  four  elements,  are  not 
forced  to  move  in  line  with  C ;  and  con- 
sequently the  conditions  require  that  C 
be  guided  to  move  alone  a  line  of  vari- 
able length  as  BE. 

This  is  easily  accomplished  in  different 
ways:  for  example;  by  coupling  the 
points  B',  C  and  E'  of  the  two  systems 
KLB'  and  KLC  (Fig.  18)  respectively 
to  the  points  B,  C  and  E. 

Each  of  the  systems  has  eight  links, 
being  formed  of  a  reciprocator  KPB'  of 
Peaucellier,  and  two  rods  of  equal 
length  KL  and  LP  ;  but  as  they  have  the 
link  KL  common,  the  two  systems  form 
together  a  combination  of  fifteen  links. 

The  elements  of  these  compound  sys- 
tems are  called  protracteurs  or  7-etract- 
eurs,  and  we  shall  see  further  on  (in 
Figs.  24  and  25)  that  they  enjoy  the 
remarkable  property  that  B'  and  simil- 
arly C  can  move  along  the  line  B'E' 
perpendicular  to  KL.  This  line  passes 
invariably  through  the  point  E'  situated 
on  KL  or  its  prolongation;  this  being 
the  geometrical  place  of  B'  or  C  at  the 
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Fig.  18 
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moment  that  PL  or  QL  coincides  with 
the  prolongation  of  KL.  So  that 
although  the  distance  of  either  B'  or  C 
from  E'  may  change  value,  the  two 
points  are  forced  to  follow  the  right  line 
passing  through  E'. 

We  will  not  now  consider  the  cases  of 
imaginary  roots;  this  subject  requires 
separate  treatment.  But  we  have  no 
doubt  that  the  solutions  of  higher  equa- 
tions, by  means  of  linkages,  will  be  pre- 
ferred to  the  graphical  solutions  of  Lill, 
as  explained  in  the  work  of  Dr.  Luigi 
Cremona.  (Elements  der  Graphischen 
Calculs:  Leipsig  1875). 

Furthermore,  we  believe  that  the  solu- 
tions explained  above  are  capable  of 
being  to  a  considerable  extent  simplified, 
and  that  it  is  possible  to  discover  analo- 
gous combinations  for  solutions  of  equa- 
tions of  higher  orders. 

The  examples  given  will  suffice  to 
show  how  the  Peaucellier  cell  may  be 
used  as  an  instrument  for  calculation. 

It  is  true  that  some  solutions  require 
complex  combinations,  and   so  are  only 


interesting  from  a  theoretical  point  of 
view,  but  it  is  not  impossible  to  bring 
about  a  simplification  analogous  to  that 
which  transforms  the  Peaucellier  cell 
into  a  pantagraph. 

It  seems  then  that  linkages  promise  to 
render  some  day  excellent  service  as 
instruments  for  calculation,  just  as  the 
Peaucellier  cell  has  already  proved 
serviceable  as  an  instrument  for  draw- 
ing. 

It  is  this  latter  property  that  we  pro- 
pose to  study  in  the  following  chapter. 

THE  PEAUCELLIER  CELL  AS  A  DRAWING  INSTRU- 
MENT. 

By  placing  the  pole  A  of  the  positiv® 
system  OCBC  (Fig.  19)  at  the  center  D 
in  such  a  manner  as  to  cause  it  to  describe 
an  arc  of  a  circle  AA',  and  maintaining 
the  point  O  in  a  fixed  position  (a  condition 
indicated  in  the  diagram  by  the  black  cir- 
cles at  O  and  D)  the  point  B  will  be 
found  upon  a  curve  BB'  whose  equation 
is  readily  found. 
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Putting       OA.=v,  OB=w, 
OB'=z,  AD=A'D=r,  and  the  angle 
k.'OB>=cp 

We  shall  have 


r2  =  (v-r)2  +  OA2/-2(y-r)OA'cos.?> 
whence 

O  A'  =  (v  —  r)  cos  cp  ±  vV  —  (v — r)2sin2  cp 
and  since 

C*=vw=OA'z, 

vw 


( v — r)  cos  cp  +  a/  [r 2  —  (w — r)  2sin2  <^>] 

w     j  . 

:^_2r1  (v-r)cos^qpv[^2-(v-r2sin2^] 


an  expression   both  of  whose  signs  are 
applicable. 

It  is  the  equation  of  a  circle  whose  ra- 
dius is  R,  and  since  for 

/  wv 

(  CD  =  0,  Z  =  WOY =- 

\  v—zr 

and  for 

ion  ^V  \ 

cp=lS0,  z  — fr-  or— w) 

^  v—2r  I 

it  is  clear  that 


T3     1  (        /       wy   \  )      1  (    vw       ,  -\ 

then  in  general 

&=T SH 

-y— z> 

By  transposing  the  origin  of  a  quan- 
tity: 

00'=  3= - — wwe  shall  have  0'B'=z' 

v—2r  * 

=  ^z*  +  OO72  +  2zOO'cos<p=a  constant= 


+ 


v— 2r 

From  this  value  of  It  we  readily  get 

-     ^E 
r~2B^w 

so  that  we  can  trace  an  arc  of  given  radius 
E  by  employing  two  different  radii. 

The  position  of  the  circle  however  will 
not  be  the  same  for  the  two  cases  which 
result  from  the  double  value 


00'=  + 


■W 


v-2r 

or  again   from  the   two  values  —  B—w 
and  +R— w. 
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In  the  negative  system  (Fig.  20)  OA', 
OB'  and  also  B  preserve  the  same  values 
as  in  the  positive  system,  for  the  same 
values  of  t>,  10,  r  and  </;. 

The  space  occupied  by  the  instrument 
is  greater  in  case  of  (Fig.  20)  than  in  that 
of  (Fig.  19.) 

The  figure  shows  two  arcs  of  circles, 
tangent  to  each  other,  having  the  same 
radius  R  traced  by  the  two  values  of  r 
(AD  and  AD'). 

These  circumferences  approach  each 
other  as  R  iucreases  and  coincide  when 
v  =  2r  or  R  =  x  . 

For  this  value  B  describes  a  perpendic- 
ular to  AB  passing  through  B. 

It  is  understood  that  the  systems  of 
figures  19  and  20  can  assume  a  symmetri- 
cal position,  that  is  to  say,  a  position  in 
which  the  center  D  is  found  upon  the 
diagonal  of  the  lozenge  or  upon  its  pro- 
longation which  passes  through  O. 

But  such  position  is  not  always  possible, 
especially  when  r  is  large  compared  to  v 
and  w. 

Nevertheless  the  formulas  preserve 
their  applicability,  inasmuch  as  v  and  10 
are  in  all  cases  theoretically  determinable. 

Instruments  for  describing  arcs  of  cir- 
cles of  great  radius,  are  now  found  for 
sale  under  the  name  of  compound  com- 
passes (co?npas  compose)  and  although 
of  relatively  small  dimensions  will  des- 
cribe arcs  of  any  radius. 

Sylvester's  Linkage  described  above 
affords  equally  a  practical  means  of  draw- 
ing arcs  of  large  radius. 

In  Fig.  21  if  the  point  O  be  fixed  and 
the  point  A  be  made  to  describe  a  circle 
passing  through  O  about  the  center  D, 
the  point  B  will  also  describe  the  arc  of 
a  circle. 

For  by  equation  3  we  have,  giving  the 
letters  the  same  signification: 

oa/ob'-/i--Vb'2=-c2. 

\       nj  n 

whence 

OB'=y  =  -^± 

I  11.  —n 


A 


?i'C>      1    n'OX' 


n'—n 


4  (n'-nf  f 

and  because 

OA'=2A'D  cos  (A'OD)=2r  cos  <p, 
n 


y=- 


II 


rcoscp-j- 


A 


n'C" 


n  —11 


r^r"1  cos2  cp 
(n'-n)* 


This  is  the  equation  of  a  circle  whose 
radius 


E 


=  +  -^—l/[n\nf-?>)C'  +  wV]. 


n  — n 


Replacing   CJ  by   the    value    OB,   the 
radical  disappears,  since 


OA.OB 


(»-3 


it 


OB9  =  -CsandOA  =  2r 


11 


then         Ca=2r-,OB-+  — ^OB1 

n  n 

and  consequently 

R=±(0B+^) 
\  n  —ni 


and  also 


n 


r 
OB±R* 


In  this  expression  the  two  signs  indi- 
cate simply  curvature  in  opposite  direc- 
tions. For  n=n'  the  radius  becomes 
infinite  as  in  the  case  of  the  Peaucellier 
instrument,  and  the  arc  BB'  becomes  a 
straight  line  perpendicular  to  OB  at  B. 

This  remarkable  property  is  now 
applied  in  mechanism  for  the  conversion 
of  alternate  circular  into  perfect  recti- 
linear motion. 

This  device  is  an  improvement  upon 
Watt's  "parallel  motion,"  although  more 
complicated,  because  it  is  strictly  exact. 

Instead  of  describing  a  perpendicular 
to  the  line  OD,  it  is  equally  possible  to 
trace  a  parallel  to  it.  This,  however, 
requires  a  more  complex  combination. 
It  is  made  up  of  two  ordinary  elements 
and  two  of  the  system  varie  of  Peaucel- 
lier, all  of  the  same  power,  and  united  as 
shown  in  Fig.  22. 

AVe  have  in  this  case 


OH: 


OA' 


OI2=OH2-C2  =  C2(gl~°A2) 

OA 

01     VC2-OA2 
andOB2=C2  +  OFa 


or  OB  =  l/  J54 

Giving  O  a  fixed  position,  and  describ- 
ing with  A,  a  circle  psssing  through  O, 
having  a  radius  r=OD=AD,  and  calling 
the  angle  AOD  =  <p,  we  shall  have 
OA=2r  cos  qj 
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and  consequently, 
OB= 


Cs 


VC2— 4r2cos2<p 
or  making  C2— 4r2 


OB: 


2r 


Consequently  the  point  B  will  describe 
a  right  line  parallel  to  OD  at  a  distance 
of  2r  from  it. 


PONSARD'S  FORISTOCONVERTISSEUR  FOR  THE  MANUFAC 

TURE  OF  STEEL. 

By  J.  SYLVAIN  PERISSE,  Member  of  the  International  Jury,  Paris. 
Journal  of  the  Iron  and  Steel  Institute. 


All  metallurgists  are  conversant  with 
the  two  principal  processes  by  means  of 
which  steel  is  manufactured  on  a  large 
scale. 

The  Bessemer  and  Martin  -  Siemens 
processes  now  supply  almost  the  whole 
of  the  cast  metal  which  tends  more  and 
more  to  replace  iron;  and  it  may  be  suf- 
ficient to  state  here  that  all  the  railway 
companies  have  almost  exclusively  adopt- 
ed steel  rails,  and  that  the  general  tend- 
ency is  to  use  steel  or  cast  metal  for  the 
manufacture  of  plates  for  boilers  and  va- 
rious metallic  constructions,  and  also  of 
wrought  pieces  for  ordnance  and  ma- 
chinery. 

Let  us  cursorily  examine  the  principal 
points  which,  characterize  both  processes. 

Mr.  Bessemer's  admirable  invention, 
which  has  brought  about  a  veritable 
revolution  in  the  metallurgy  of  iron,  is 
based  upon  the  refining  of  cast  iron  by 
intermolecular  combustion,  by  means  of 
a  current  of  air  blown  through  the  molt- 
en metallic  mass.  The  heat  evolved  by 
this  intermolecular  combustion  must  be 
sufficient  to  raise  the  metal  to,  and  main- 
tain it  at,  a  very  high  temperature  with- 
out having  recourse  to  any  external 
source  of  heat.  The  result  is  a  cast  iron 
which  they  term  "hot,"  and  which  con- 
tains more  or  less  silicon,  according  to 
the  proportion  of  manganese  that  ac- 
companies it.  Indeed,  it  is  known  that 
the  combustion  of  silicon  by  the  oxygen 
of  the  air  evolves  a  much  greater  quan- 
tity of  heat  than  carbon,  and  that  cast  iron 
containing  less  than  two  per  cent,  of  that 
element  can  be  used  with  certainty  of  suc- 
cess in  the  Bessemer  converter — only  on 
condition  that  it  contains  several  hund- 
redths of  manganese,  the  heating  power 


of  which  in  that  operation  appears  to  be 
sufficiently  high  in  comparison  with  that 
of  carbon. 

I  may  add  that  a  specimen  of  Besse- 
mer's cast  iron  now  has  in  the  average 
one  of  the  following  compositions : — 

Containing  Containing  no 
manganese,     manganese. 

Silicon 2.0  3 .0  to  4  per  cent. 

Manganese  2.0  to  4  —  " 

Carbon....  3.5  to  4        3.5  to  4 

The  proportion  approximates  more  the 
higher  figure  when  the  final  addition  of 
spiegeleisen  does  not  take  place. 

The  Bessemer  operation  requires, 
therefore,  special  kinds  of  cast  iron,  even 
if  we  do  not  consider  the  question  of 
purity,  and  in  order  to  obtain  them  in 
the  blast  furnace  it  is  necessary  to  keep 
the  apparatus  at  a  high  temperature. 
This  is  now  easy,  thanks  to  the  powerful 
hot  blast  apparatus  of  Cowper  or  Whit- 
well,  which  is  used  for  the  Bessemer 
cast  iron. 

The  manufacture  of  steel  by  the  Bes- 
semer system  possesses  many  advantages. 
The  operation  is  in  itself  very  economi- 
cal, more  economical  even  than  the  ordi- 
nary process  for  the  manufacture  of  iron, 
but  one  must  not  lose  sight  of  the  fact 
that  this  result  is  obtained  only  with  a 
very  large  production  and  a  highly  ex- 
pensive plant. 

In  the  Martin-Siemens  process,  steel 
is  produced  in  quite  a  different  manner, 
which  most  generally  consists  in  dissolv- 
ing in  a  bath  of  molten  cast  iron  upon 
the  hearth  of  a  gas  furnace  a  more  or 
less  large  proportion  of  malleable  metal. 
It  is  no  longer  necessary  to  use  a  special 
hot  cast  iron,  as  in  the  Bessemer  process, 
since  the  bath  is  in  an  atmosphere  of  a 
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high  temperature.  It  is  even  better  to 
have  at  one's  disposal  east  iron  contain- 
ing less  foreign  substances,  and  a  strong 
proportion  of  silicon  would  become  even 

hurtful. 

In  this   process  of  manufacture  small 
trial-ingots  are  taken  before  the  close  of 
the   operation,    to    make    sure    that    the 
metal   possesses   the   requisite   qualities, 
according  to  the  uses  for  wluch  it  is  in- 
tended ;  ami  by  final  additions  it  becomes 
easy  to  arrive  at   the  required  degree  of 
malleability.      This  possibility  of   modi- 
fying at  will  the  nature  of  the  metal  does 
not   exist  in   the   same  degree  in  Besse- 
mer' s  process.     That  is  the  principal  ad-  j 
vantage  of  the  system  of  manufacture  on  I 
hearth.     Moreover,  one  may  use  a  large 
quantity   of  old  steel,  or  of  waste  steel 
arising  from   the  manufacture,  and  one  \ 
can  easily  understand  that  such  a  quan-  j 
tity  may  be  three  or  four  times  greater ' 
than  the  weight  of  the  cast  iron,  since,  I 
strictly  speaking,  Siemens'  furnace  might  j 
be  only  and  entirely  charged  with  bits  of 
rails  and  other  waste  or  old  steel,  which 
would  melt  under  the  influence  of  the 
high  temperature  evolved  in  those  fur- 
naces. 

The  proportion  of  waste  or  old  steel  in 
the  manufacture  of  rails,  for  instance,  is 
relatively  considerable.  In  a  great  num- 
ber of  cases  where  steel  is  manufactured 
by  the  Bessemer  process,  they  throw  into 
the  furnace  a  proportion  of  waste  or  old 
steel,  but  then  they  are  obliged  to  use 
cast  iron  containing  more  silicon,  and  the 
conditions  are  little  favorable  to  the  cer- 
tain success  of  the  operation.  Thus  the 
Martin- Siemens  process  supplements  that 
of  the  Bessemer  in  the  utilization  of  old 
rails  and  other  waste.  When,  on  the 
contrary,  a  steel-works  has  not  at  its  dis- 
posal a  sufficient  quantity  of  waste  or  old 
steel,  either  because  it  is  wholly  organ- 
ized with  the  hearth  process,  or  through 
any  other  cause,  the  Martin-Siemens  pro- 
cess is  not  economical,  for  it  requires  the 
use  of  such  a  large  proportion  of  iron  of 
such  a  quality  that  its  price  is  higher 
than  that  of  the  cast  iron  operated  upon. 
If  that  proportion  of  iron  were  too 
greatly  reduced,  the  operation  would  be 
a  long  one,  since  there  is  no  possibility, 
as  in  the  Bessemer  process,  of  a  rapid 
refining  of  the  cast  iron. 

It  is,  nevertheless,  right  to  add,  that 
several  steel-making  establishments  work- 


ing with  Siemens  furnaces  use,  not  with- 
out some  success,  additions  of  rich  and 
pure  ores  to  hasten  the  operation,  and 
thus  render  it  more  economical ;  but  in 
such  a  case  we  meet  with  difficulties 
brought  about  by  the  deterioration  of 
the  hearth. 

By  the  two  principal  processes  which 
have  just  been  reviewed,  the  purification 
of  the  metal  is  not  effected ;  for  the 
whole  of  the  phosphorus  contained  in 
the  original  charge  is  found  also  in  the 
resulting  product.  Now,  if  we  consider 
that  two-thousandths  of  imospkorus 
must  not  be  sensibly  exceeded,  even  in  a 
steel  which  contains  sufficient  manga- 
nese and  but  little  carbon,  we  must  come 
to  the  conclusion  that  the  cast  iron  and 
malleable  iron  used  in  both  processes  of 
manufacture  must  be  obtained  from  the 
purest  ores. 

The  new  furnace  proposed  by  Mr. 
Ponsard,  and  to  which  he  has  given  the 
name  of  a  Fornoconvertisseur,  appears 
calculated  to  supply  advantages  unknown 
to  the  two  foregoing  systems,  and  to 
avoid  certain  drawbacks  which  have  been 
pointed  out  in  each  of  them. 

The  apparatus  is  composed  of  a  gas 
furnace  heated  to  a  high  temperature, 
the  movable  hearth  of  which  is  supplied 
with  a  series  of  tuyeres,  and  is  so  dis- 
posed as  to  enable  one,  during  part  of 
the  operation,  to  work  by  both  blast  and 
intermolecular  combustion  as  in  the 
Bessemer  system,  while  maintaining  the 
bath  or  molten  mass  under  the  influence 
of  the  high  temperature  produced  by  the 
external  source  of  heat. 

The  blast  is  stopped  by  a  partial  rota- 
tion of  the  apparatus,  which  causes  the 
tuyeres  to  be  disconnected  from  the 
i  molten  metal,  and  the  process  is  now 
carried  on  under  the  same  conditions  as 
the  ordinary  process  of  manufacture  on 
the  hearth. 

It  is,  therefore,  a  mixed  process  that 
Mr.  Ponsard  proposes  to  use — that  is, 
either  a  disposition  of  the  Bessemer 
heated  furnace,  or  a  gas  furnace  supplied 
with  the  intermolecular  blast. 

In  this  direction  trials  had  formerly 
been  made,  and  dispositions  pointed  out ; 
but  success  had  not  crowned  the  expect- 
ations of  the  inventors. 

At  first  Mr.  Bessemer  proposed  the 
use  of  a  retort,  heated  externally  by  a 
fireplace,  and  in  which  air  or  steam  was 


254 


van  nostrand's  engineering  magazine. 


introduced   by   a   tube    dipping  in   the 
molten  metal. 

Subsequently,  Mr.  Galy-Cazalat  used 
an  injection  of  steam  through  the  metal 
in  a  state  of  fusion  in  a  cylindrical 
furnace  with  several  tuyeres,  or  in  an 
ordinary  reverb eratory  furnace.  The 
failure  of  this  process,  which  is  analo- 
gous with  those  of  Guest  and  of  Nasmith 
for  puddling,  was  chiefly  attributable  to 
the  cooling  of  the  bath,  which  was  not 
compensated  for  by  the  energetic  heat  of 
a  gas  furnace. 

Afterwards  Mr.  Berard  made  some 
experiments  with  his  process,  which  con- 
sisted of  two  furnaces  joined  together, 
heated  by  gas,  and  provided  with  mov- 
able tubes  dipping  in  the  molten  metal. 
The  latter  was,  in  turn,  submitted  to  the 
action  of  a  blast  upon  one  of  the  hearths, 
and  to  that  of  heated  coal  gas  on  the 
other  hearth.  Mr.  Berard  oxydized  and 
heated  the  bath  by  the  blast  of  air,  while 
he  hoped  to  remove  both  the  sulphur 
and  the  phosphorus  by  means  of  the 
hydrocarbons. 

Later  still,  Mr.  Ponsard  made  a  large 
hollow  poker,  kept  cool  by  a  current  of 
water,  and  placed  in  communication  with 
a  powerful  blower,  by  means  of  which 
he  stirred  the  metal  in  the  molten  iron 
by  blowing  into  it'  the  air  and  vari- 
ous re-agents,  which  effect  the  refining 
of  the  metal.  A  process,  analogous  to 
the  foregoing,  was  afterwards  proposed 
by  Mr.  Bouiniard  for  an  air-injector, 
composed  of  a  hollow  tube,  the  lower 
part  of  which,  having  a  helicoid  shape, 
gave  to  the  molten  metal  a  movement  of 
rotation. 

And  lastly,  and  quite  recently — in 
January,  1878 — Mr.  Krupp  took  out  in 
France  a  patent  for  an  apparatus  analo- 
gous to  Ponsard's  Fornoconvertisseur. 

To  effect  the  purpose  which  Mr.  Pon- 
sard had  in  view,  he  gave  two  forms  to 
his  apparatus.  In  one  of  these  it  has 
the  shape  of  a  barrel,  able  to  move  round 
its  horizontal  axis,  having  some  analogy 
with  the  Danks'  furnace,  or  with  the 
Siemens,  Sellers  and  Crampton's  rota- 
tors. 

The  other  arrangement,  which  has 
been  preferred  hitherto,  has  been  in 
course  of  experimentation,  since  the  early 
part  of  the  present  year,  in  Messrs.  Blon- 
diaux  &  Co.'s  ironworks  at  Thy-le-Chateau, 
in  Belgium.    It  consists  of  a  gas  furnace, 


the  hearth  of  which  is  circular,  movable, 
and  inclined,  as  in  Pernot's  furnace,  and 
can  undergo  half  a  revolution  round  an 
oblique  axis.  Upon  one  of  the  points  of 
the  circumference  of  the  hearth  there  is 
an  air-box  in  communication  with  the 
blowing  apparatus  through  the  very  axis 
of  rotation. 

"When  the  hearth  is  so  placed  that  the 
tuyeres  are  in  the  lowest  part,  the  blast 
acts  directly  on  the  metallurgical  bath, 
and  the  refining  is  effected  as  in  the 
Bessemer  converter.  At  the  moment 
when  it  is  thought  the  amount  of  carbon 
in  the  metal  is  sufficiently  reduced,  the 
hearth  is  made  to  rotate  round  half  its 
axis  and  the  tuyeres  reach  their  highest 
point,  so  that  they  emerge  from '  the 
molten  mass,  and  the  metal  is  no  longer 
under  the  influence  of  the  current  of  air, 
which  is  automatically  stopped  by  the 
very  motion  of  the  rotating  hearth. 
Small  trial  ingots  may  now  be  taken,  as 
in  the  Martin-Siemens  process,,  and  addi- 
tions may  be  made  to  modify  the  nature 
of  the  metal,  without  any  fear  of  its  cool- 
ing, since  it  is  heated  by  the  flame  of  the 
gas  furnace.  Let  me  add,  that  if  a  sec- 
ond air-blast  is  necessary,  it  is  easy  to 
obtain  it  by  half  a  revolution  of  the  ap- 
paratus. The  hearth  of  the  furnace  is 
borne  upon  a  revolving  chariot,  so  that 
it  may  easily  be  repaired  or  replaced. 

Ponsard's  Fornoconvertisseur  requires 
to  be  used  at  a  very  high  temperature, 
such  as  is  obtained  in  Siemens'  furnace 
provided  with  double  regenerators,  or  in 
Ponsard's  furnace  with  a  single .  recu- 
perator. It  is  this  latter  heating  which 
has  been  used  at  Thy-le-Chateau,  and  I 
am  now  about  to  state  briefly  the  features 
which  characterize  it. 

Ponsard's  furnace  has  a  contiguous 
gas-holder,  and  the  combustible  gases 
are  consumed  at  the  temperature  at 
which  they  are  produced  without  having 
suffered  any  cooling.  The  products  of 
combustion  go  into  the  recuperator  which 
constitutes  a  hot-air  apparatus,  destined 
only  to  heat  the  air  used  for  the  combus- 
tion of  gas. 

Ponsard's  recuperator  consists  of  hol- 
low or  solid  fire-bricks,  and  forms  an  ap- 
paratus in  which  the  heating  is  methodi- 
cal and  without  inversion.  The  burnt 
gases  issuing  from  the  furnace  descend 
into  the  compartments  of  the  recuperator 
intended  for  their  reception,  whilst  the 
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air  ascends  in  an  inverse  direction  into 
other  parallel  compartments,  being  grad- 
ually heated  meanwhile.  Each  vertical  air- 
chamber  is  always  comprised  between 
two  "fumies"  and  reciprocally.  The 
partitions  are  held  together  by  bricks, 
most  of  them  hollow,  forming  "  chicanes  " 
upon  different  courses  of  the  height. 
Those  "chicanes"  are  intended  to  pre- 
sent a  large  surface  to  the  liuids,  and, 
moreover,  they  establish  among  the  dif- 
ferent chambers  commnnications  which 
still  further  increase  the  heating  surface. 
It  is  worthy  of  notice  that  those  bricks 
are  in  juxtaposition,  i.e.,  never  placed 
end  to  end,  so  that  the  recuperator  makes 
allowance  for  expansion  and  contraction 
without  any  danger  of  dislocation.  The 
results  of  a  long  practice  have  enabled 
me  to  state  that  Ponsard's  recuperator 
does  not  get  out  of  shape,  and  that  the 
lightness  of  the  joints  of  the  bricks  is 
maintained  after  the  recuperator  had 
been  cooled  and  heated  a  great  many 
times. 

In  order  to  make  the  vertical  joints 
perfectly  tight,  each  "  chicane  "  brick  has 
at  the  points  of  junction  a  groove  of  30 
millimeters  (1.181  inch)  by  4  millimeters 
(0.157  inch) ;  in  this  manner — by  placing 
two  bricks  one  against  the  other,  they 
leave  an  empty  space  between  them, 
which  the  mortar  tills  up,  forming  a  kind 
of  binding  which  makes  the  joint  tight, 
because  mortar  swells  when  heated,  and 
the  bricks  cannot  be  separated  when  they 
are  placed  in  juxtaposition  and  main- 
tained by  the  sides  of  the  chamber. 
"When,  in  consequence  of  long  use,  the 
recuperator  shows  any  signs  of  deteriora- 
tion, there  is  no  other  inconvenience  be- 
yond the  necessity  of  replacing  an  ap- 
paratus composed  of  from  six  to  eight 
tons  of  bricks. 

Ponsard's  recuperator  has  the  double 
advantage  of  great  power  and  small 
volume.  The  air-heating  surface  is 
about  10  square  meters  (107  square  feet) 
for  every  cubic  meter  (35.31  cubic  feet), 
and  the  weight  of  a  cubic  meter  is  from 
800  to  900  kilogrammes  (about  15  cwts. 
3  qrs.  to  17  cwts.  3  qrs.).  It  thus 
enables  us  to  heat  the  air  to  a  tempera- 
ture varying  from  900°  to  1050°  C. 
(1620°  to  1890°  F.)  in  the  numerous 
metallurgical  furnaces  to  which  it  is 
applied. 


It  should  be  noticed  that  the  products 
of  combustion  issuing  from  the  recuper- 
ator are  much  hotter  than  those  which 
come  out  of  Siemens'  regenerators,  since 
they  have  only  to  warm  the  air  required 
for  the  combustion  of  gas.  They  can, 
therefore,  be  still  further  utilized  for  the 
production  of  steam.  In  a  certain 
number  of  soldering  furnaces  on  Pon- 
sard's system,  a  boiler  has  been  placed 
next  to  the  recuperator,  and  it  converts 
into  steam  2  kilogrammes  (4.4  lbs.)  and 
more  of  steam  for  every  kilogramme  of 
coal  burnt  in  the  gas  generator. 

I  will  now  state  a  few  of  the  results  of 
the  experiments  made  at  Thy-le-Chateau. 
The  Fomoconvertisseur  is  in  communi- 
cation with  the  blowing  apparatus  of  the 
furnace,  which  supplies  the  air  at  a 
pressure  of  from  20  to  21  centimeters 
(7.87  to  8.264  inch)  of  mercury,  and  to 
arrive  at  that  pressure  it  is  necessary  to 
slacken  the  blowing  of  the  furnace.  The 
tuyeres  which  have  been  preferred  till 
now  are  two  of  the  Bessemer  pattern, 
having  7  holes  of  15  millimeters  (0.59  inch), 
which  may  be  used  for  either  2  or  3  oper- 
ations. A  complete  experiment  could  not 
be  made  to  determine  this  point,  because 
the  apparatus  experimented  upon  was 
not  used  continuously.  The  duration  of 
the  blast  varied  with  the  nature  of  the 
charge  from  20  to  40  minutes. 

The  charge  hitherto  has  hardly  ex- 
ceeded 5  tons,  although  the  apparatus 
can  work  a  larger  quantity  of  material ; 
but  it  must  be  observed  that  the  press- 
ure of  the  blast  would  be  insufficient  for 
a  greater  charge.  The  operations  dif- 
fered in  duration,  as  always  happens  in 
trials  of  a  new  apparatus  which  is  still  in 
course  of  provisional  and  defective  adop- 
tion. The  average  duration  was  from  5 
to  6  hours;  but  it  must  be  observed 
that  the  cast  iron  was  put  in  cold,  and 
then  melted  on  the  hearth  of  the  furnace. 
The  steel  waste  and  bits  of  iron  were 
heated  in  an  accessory  chamber  by  the 
waste  flames,  before  their  entrance  into 
the  recuperator.  It  would  appear  from 
the  results  obtained  by  this  experience 
that,  by  charging  the  cast  iron  in  the 
fluid  state,  and  having  a  spare  hearth,  6 
to  8  operations  could  be  made  every  24 
hours ;  whereas,  with  the  other  apparatus 
used,  the  number  of  operations  is  as  fol- 
lows:— 
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operations. 

With  Siemens-Martin  furnaces 2  to    3 

' '  Pernot's  furnace 3  to    4 

"  Bessemer's  converter  (very  variable)10  to  20 

The  gas  generator  is  fed  with  coal 
obtained  at  Mons,  250  kilograms  being 
consumed  per  hour.  The  metals  hither- 
to used  have  been  Cumberland  cast  iron, 
containing  3  per  cent,  of  silicon,  old 
steel  rails,  and  puddled  iron  from  the 
phosphorus  cast  iron  of  the  district.* 

The  charges  were  made  with  various 
compositions.  At  first  they  embraced 
about  one-half  cast  iron  and  one-half  old 
rails,  and  we  obtained  a  fine  soft  steel, 
thanks  to  the  high  temperature  evolved 
and  the  use  of  ferromanganese  rich  to 
the  extent  of  70  per  cent.  This  steel, 
samples  of  which  are  shown  in  the  Uni- 
versal Exhibition .  (Large  French  Ma- 
chine Gallery,  Class  50),  has  on  analysis 
shown  the  following  composition: 

Carbon 19  ten-thousandths. 

Manganese .32  " 

Phosphorus 6  " 

Several  experiments  were  afterwards 
made  with  an  average  composition  of 
one-third  cast  iron,  one-third  old  rails, 
and  one-third  puddle*d  iron,  containing 
4J  thousandths  of  phosphorus.  Under 
those  conditions  the  steel  obtained  con- 
tained 23  ten-thousandths  of  carbon,  and 
21  ten-thousandths  of  phosphorus.  The 
phosphorus,  therefore,  was  not  elimin- 
ated, nor  could  it  be  expected  that  it 
would  be,  since  the  operation  was  per- 
formed, as  in  the  Bessemer  and  Martin- 
Siemens  processes,  in  presence  of  a 
silicious  flux. 

It  may  not,  perhaps,  be  out  of  place  to 
briefly  examine  here  some  of  the  efforts 
made  and  experiments  attempted  on  vari- 
ous occasions  to  effect  the  removal  of 
phosphorus  from  iron  with  a  view  to  the 
manufacture  of  steel. 

The  members  of  the  Iron  and  Steel  In- 
stitute have  still  fresh  in  their  memory 
the  interesting  communication  made  at 
their  last  meeting  by  Mr.  I.  Lowthian  Bell, 
on  the  separation  of  phosphorus  from  cast- 
iron.    Mr.  Bell's  process  consists  in  mixing 

*  The  analyses  of  cast  iron  containing  an  average  of 
phosphorus  at  Thy-le- Chateau  showed  20  thousandths  of 
carbon  and  24  thousandths  of  phosphorus;  but  the  pro- 
portion of  the  latter  element  rises  as  high  as  35  and  even 
40  thousandths  in  the  more  common  cast  iron  of  that 
locality.  The  iron  obtained  in  the  ordinary  puddling 
furnace,  working  at  high  temperature  with  carbonate  of 
lime  anddross,  contains  1  thousandth  of  carbon,  from  1 
to  2  thousandths  of  sulphur,  and  from  4$  to  8  thousandths 
of  phosphorus. 


in  a  bath  at  the  lowest  possible  temper- 
ature, the  cast  iron  which  has  to  be  rid 
of  its  phosphorus  with  half  its  own  weight 
of  ferrous  scoria,  or  forge  dross,  or  iron 
ore.  The  pig  iron  used  in  the  experi- 
ments referred  to  was  a  grey  quality,  No. 
3,  having  in  round  numbers  the  following 
composition; — > 

Silicon 20  thousandths 

Phosphorus 15  " 

Carbon 35  •' 

The  scorise  or  dross  used  contained, 
together  with  protoxyde  and  sesquioxyde 
of  iron,  from  17  to  22  per  cent,  of  silica, 
from  4  to  10  per  cent,  of  alumina  and 
other  bases,  and  from  1  to  3  per  cent,  of 
phosphoric  acid. 

After  from  10  to  20  minutes  of  heating 
the  mixture  in  a  molten  state  at  a  low 
temperature,  the  pig  iron  contained 
only— 

Per  cent. 

1.2  thousandths  of  silicon Loss  96 

2.3  "                 phosphorus.  Loss  83 
3.1           "  carbon Loss  11 

The  above  experiments  have  demon- 
strated that  ferrous  scoriae  can  be  brought 
to  contain  as  much  as  6  per  cent,  of  phos- 
phoric acid,  this  proportion  being  consid- 
ered as  the  extreme  limit  of  saturation. 

Mr.  Bell  has  stated  no  figures  as  to  the 
cost  of  such  a  mode  of  operation,  which 
was  still  in  the  first  period  of  experiment- 
ation; but  in  spite  of  the  great  propor- 
tion of  oxides  of  iron  employed,  metallur- 
gists have  viewed  with  the  greatest  interest 
this  process  for  the  purification  of  pig 
iron  in  the  liquid  state,  and  we  may  be 
justified  in  believing  that  progress  has 
been  made  since  Mr.  Bell's  communica- 
tion of  March  last. 

Doubtless,  the  proportion  of  oxides 
might  be  less  if  the  oxidation  of  phos- 
phorus were  assisted  by  a  kind  of  prelim- 
inary refining  (mazeage)  in  an  easily 
managed  mechanical  furnace  like  that  of 
Godfrey  &  Howson.  But  in  order  to  be 
able  to  prolong  the  period  of  dephos- 
phoration,  i.e.,  the  elimination  of  the 
phosphorus,  without  the  iron  assuming 
what  is  termed  the  red,  porous  and  nas- 
cent state,  it  would  be  necessary  to  use 
pig  iron  containing  sufficient  carbon  to 
maintain  the  metal  in  the  molten  condi- 
tion after  the  removal  of  the  phosphorus ; 
and  if  the  proportion  of  carbon  should 
be  lowered  too  much  proportionally  to 
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the  duration  of  the  operation  lengthened 
by  the  impurity  of  the  pig  iron,  one  ought 
to  be  able  to  restore  carbon  to  such  pig 

iron,  and  thus  follow  the  same  path 
Dr.  Parry,  who  proposed  and  carried  into 
practice  the  progressive  mode  of  purifi- 

'>'o/?,  operating  in  turns  by  the  oxida- 
tion of  the  carbon,  and  its  restoration. 
Dr.  Parry,  however,  proceeded  by  pud- 
dling, which  transforms  east  iron  into  a 
metal  in  the  solid  state,  while  the  shing- 
ling press  rids  it  of  still  more  or  less 
liquid  scoria.  Afterwards  the  metal  was 
melted  in  a  cylindrical  furnace,  supplied 
with  two  or  more  sets  of  tuyeres,  and 
supplied  again  with  carbon  by  means  of 
sufficiently  pure  coke  with  an  excess  of 
castine.  to  enable  it  to  undergo  a  second 
relining  in  a  Bessemer  converter.  But 
the  cast  iron  had  lost  its  silicon,  which  is 
rirst  oxidised  in  the  refining  process,  and 
it  was  absolutely  necessary  to  add  half- 
hematite  pig  iron,  containing  a  great  deal 
of  silica,  to  render  the  operation  possi- 
ble. 

Mr.  Bell  insisted  on  the  necessity  of 
keeping  at  the  lowest  temperature  the 
molten  iron  from  which  phosphorus  is 
about  to  be  eliminated.  For  iron  has  a 
great  affinity  for  phosphorus,  and  one 
should  remember  that  that  affinity  no 
doubt  increases  with  the  temperature  and 
degree  of  fluidity  of  the  metal.  The 
results,  which  are  negative  as  far  as  de- 
phosphoration  is  concerned,  obtained  in 
the  Bessemer  converter  as  well  as  on  the 
hearth  of  a  furnace  heated  at  a  high  tem- 
perature, clearly  demonstrate  that  phos- 
phorus, in  a  very  hot  metallic  bath,  com- 
bines with  the  iron,  and  remains  alloyed 
with  it. 

There  is  an  experiment,  which  many 
metallurgists  have  possibly  made,  that  | 
further  demonstrates  what  has  just  been 
said — namely,  that  if  we  take  a  few  | 
blooms  fresh  from  the  puddling  furnace, 
and  which  have  not  yet  passed  through 
the  shingling  press,  and  these  are  charged 
in  the  bath  on  the  hearth  of  a  Siemens' 
furnace,  the  phosphorus  contained  in  the 
scoria  interposed  in  the  blooms  entirely 
passes  into  the  metal.  But  another  hy- 
pothesis was  formed  by  Professor  Griiner. 
It  is  to  this  effect,  that  in  presence  of 
silica,  or  of  an  acid  silicate,  containing 
at  least  forty  per  cent.,  the  base  of  the 
scoria  combines  with  the  silica,  setting 
at  liberty  the  phosphoric  acid,  which  is 
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again  taken  up  by  the  iron,  forming  with 
it  a  phosphide  of  iron.  Mr.  Pourcel,  the 
chief  of  the  Steel  Works  at  Terre-Noire, 
is  still  more  positive,  in  a  recent  paper, 
in  asserting  his  belief  that  even  with  a 
silicate  containing  less  than  thirty  per 
cent,  of  silica,  iron  decomposes  the  alka- 
line phosphates,  and  combines  with  the 
phosphorus.  The  immediate  separation 
of  purified  cast  iron,  and  of  the  phos- 
phate produced,  is  absolutely  necessary 
to  effect  the  ultimate  purification,  be- 
cause the  contact  of  the  liquid  metal  and 
the  scoria  containing  phosphorus  brings 
the  metalloid  back  into  the  metallic  bath. 
Mr.  Pourcel  dwells,  therefore,  on  this 
fact,  viz.,  that  phosphorus  leaves  iron 
under  the  influence  of  an  oxidizing  ac- 
tion, coupled  with  the  affinity  of  an  en- 
ergetic base,  but  that  when  liquid  iron 
is  left  with  the  phosphates  produced,  the 
inverse  reaction  takes  place,  and  the 
phosphorus  combines  again  with  the  iron; 
while  in  the  puddling  process  the  de- 
phosphoration  is  almost  complete,  even 
at  a  high  temperature,  provided,  of 
course,  the  scoria  is  rendered  entirely 
fluid  through  the  presence  of  oxide  of 
manganese. 

Many  processes  have  been  proposed 
and  tried  to  effect  more  completely  the 
removal  of  phosphorus  from  cast  iron 
during  the  operation  which  brings  it 
back  to  the  solid  state.  It  would  take 
too  much  space  to  examine  them  all  in 
this  short  paper,  but  I  may  be  allowed  to 
mention  a  few  of  them. 

Several  inventors  have  tried  either 
steam,  which  on  dissociation  yielded 
hydrogen,  or  some  other  hydrogen  com- 
pounds, in  the  hope  that  phosphide  of 
hydrogen  would  be  generated,  and  then, 
owing  to  its  volatility,  be  carried  off  by 
the  gaseous  current  of  the  apparatus. 
But  practical  experiments  have  shown 
nothing  of  the  kind,  and  it  is  very  doubt- 
ful whether  the  hoped-for  reaction  could 
take  place,  on  account  of  the  instability 
of  hydrophosphides,  seeing  that  phos- 
phorus has  a  far  greater  affinity  for  oxy- 
gen. 

In  other  experiments,  a  series  of  pul- 
verized substances  have  been  injected 
into  the  bath.  These  were  carbona* 
and  other  alkaline  salts,  sea-salt,  dioxide 
of  manganese,  hypochlorites,  fluor  spar. 
borax,  nitrate  of  soda  and  many  otht 
Among    these   experiments,   those    that 
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were  made  according  to  Heaton's  process 
deserve  to  be  specially  mentioned. 

This  process  is  based  on  the  use  of 
nitrate  of  soda,  which  has  an  action  that 
is  oxidizing  and  basic  at  the  same  time. 
The  salt  passes  in  minute  jets  through 
the  cast  iron,  and  a  few  minutes  after- 
wards a  metal  is  obtained  which  coagu- 
lates in  the  movable  crucible  of  the  ap- 
paratus. The  results  obtained  form  a 
very  complete  memoir,  written  in  1869 
by  Mr.  Gr  Liner,  and  showing  that  the  ex- 
periments justify  my  stating  the  follow- 
ing facts : — 

Silicon  and  manganese  underwent  oxi- 
dation before  phosphorus,  and  carbon  re- 
sisted more  than  any  other  foreign  sub- 
stance, this  latter  metalloid  being  disen- 
gaged in  the  state  of  carbon  dioxide. 
In  spite  of  the  insufficiency  of  the  pro- 
portion of  nitrate  used,  two-thirds  of  the 
phosphorus  were  eliminated,  partly  in 
the  shape  of  phosphate  of  soda,  and 
partly  (this  being  the  greater  portion)  in 
the  form  of  vapors,  more  or  less  oxidized, 
of  phosphorus  and  phosporic  acids.  The 
powerful  disengagement  of  oxygen  pro- 
duced, therefore,  an  intermolecular  blast, 
which  eliminated  in*  the  gaseous  state 
the  major  part  of  the  phosphorus  that 
had  disappeared.  This  is  an  indication 
not  to  be  lost  sight  of. 

Only  a  few  weeks  ago,  Mr.  Escalle  laid 
before  the  congress  of  the  Society  of 
Mineral  Industry  the  results  of  trials 
which  he  had  just  made  with  the  me- 
chanical puddler  of  Godfrey  &  Howson, 
heated  by  gas  at  a  certain  pressure. 
Those  results  confirm  the  indication 
formerly  supplied  by  Heaton's  process, 
namely,  that  the  greater  part  of  the 
eliminated  phosphorus  escaped  with  the 
gaseous  current,  probably  in  the  form  of 
dust  of  phosphates  of  iron,  carried  off 
by  mechanical  means,  as  Mr.  Pourcel 
justly  concluded. 

The  above  trials  had  not  yet  led  to  a 
normal  working  of  the  puddler,  so  that 
it  is  not  yet  possible  to  consider  with 
any  certainty  the  exact  value  of  the  fig- 
ures given  as  to  the  proportion  of  phos- 
phorus eliminated — figures  which  stand 
far  below  those  that  result  from  other 
mechanical  puddler s.  It  is  now  pretty 
generally  admitted  that  mechanical  pud- 
dling, wherein  the  flame  passes  through 
the  mass  of  metal,  leads  to  a  higher  de- 
gree of   purification  of   the  said  metal, 


both  as  regards  phosphorus  and  the 
other  hurtful  foreign  matters. 

Before  ending  this  paper,  it  becomes 
my  duty  to  particularly  point  out  the 
conditions  under  which  steel  may  be 
manufactured  by  means  of  Ponsard's 
fornoconvertisseur  in  each  of  the  two 
following  hypothesis: 

1st.  Either  by  the  use  in  that  appar- 
atus of  metal  obtained  from  pure  ores, 
like  those  of  the  two  processes  in  use; 
or,  2d,  by  the  use  of  metal  obtained 
from  impure  ores,  like  those  of  the 
Moselle  and  Cleveland. 

In  the  former  hypothesis,  and  in  com- 
parison with  the  Bessemer  process,  the 
new  apparatus  appears  to  offer  the  fol- 
lowing advantages: 

1.  The  possibility  of  using  cast  iron 

containing  but  little  silica  and 
carbon. 

2.  The  possibility  of  dissolving   into 

the  cast  iron  bath,  previous  to  the 
use  of  blast,  a  quantity  of  waste 
or  old  metal  far  superior  to  that 
available  by  the  transformation  of 
ingots  into  bars. 

3.  Greater  facility  for  obtaining   the 

quality  of  steel  sought. 

4.  Economy  in  the  installation  of  plant 

when  average  importance  only  is 
expected  in  the  matter  of  produc- 
tion. 

In  comparison  with  the  Martin-Sie- 
mens process,  Ponsard's  fornoconvert- 
isseur posesses  obviously  the  following 
advantages : 

1.  The  possibility  of  operating  upon 

cast  iron  alone,  or  on  a  mixture 
containing  but  little  iron. 

2.  Economy  of  fuel  on  account  of  the 

greater  rapidity  of  the  operation 
and  the  use  of  intermolecular 
heating;  and, 

3.  Economy  in  the  outlay  for  plant, 

since    each    apparatus,    of    equal 
dimensions,  will  produce  at  least 
twice  as  much  in  the  same  time. 
In  the  case  of  the  second  hypothesis, 
namely,  when  operating  on  matters  ob- 
tained from  impure  ores,  the  use  of  the 
fornoconvertisseur  is  subordinate  to  the 
success  of  the  processes  of  dephosphora- 
tion,  some  of  which  have  been  mentioned 
in  this  paper. 

First  of  all,  it  is  to  be  noticed  that  in 
case  the  liquid  process  advocated  by  Mr. 
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Bell  for  the  elimination  of  phosphorus 
should  prove  successful,  the  cast  iron 
obtained  could  no  longer  be  successfully 

worked  because  it  would  have  lost  its 
silicon,  whereas  it  could  be  successfully 
treated  in  the  fornoconvertisseur,  under 
more  favorable  conditions  than  in  the 
Martin-Siemens  process. 

In  the  instances  where  practice  would 
sanction  Barry's  process,  which  is  based 
upon  progressive  purification,  the  puri- 
fied pig  iron  could  not,  any  more  than  in 
the  preceding  case,  be  treated  in  Besse- 
mer's  process.     The  means  which  have 
been  proposed  for  the  use  of  powdered 
or  gaseous  reagents  are  easily  applied  to 
the  fornoconvertisseur,  since  the  system 
of  injection  is  successfully  adapted  to  it. 
It  might  be  necessary,  during  a  portion 
of  the  operation,  to  lower  for  a  while  the 
temperature  of  the  bath,  but  this  could 
be  easily  done  by  mixing  a  certain  quan- 
tity   of    steam    with    the    air    injected 
through    the    mass    of    molten     metal. 
Moreover,  the  new 'apparatus  is  well  cal- 
culated to  accomplish,  without  any  ex- 
ternal help,   the  partial  removal  of  the 
phosphorus    by    mechanical    action,    as 
stated  in  the  experiments  according  to 
Heaton's  process  and  Howson's  puddling 
process.     Indeed,  one  can  not  only  send 
a  cold  blast  through  the  molten  metal, 
but  we  can  also  send,  under  a  greater  or 
less    pressure,    a    current    of     hot    air 
through  the  burners  of  the  gas  furnace. 
This  current  will  surround  the  drops  of 
metal  raised  by  the  blast  issuing  from 
the  bottom ;  and  thus  in  addition  to  the 
oxidation   of    the   phosphorus   and    the 
mechanical   removal   of  its   oxides,    the 
complete  refining  of  the  metal  will  be 
effected    better   than   by   the   Bessemer 
process. 

The  new  apparatus  appears,  therefore, 
calculated  to  hold  a  distinguished  place 
in  the  iron  manufacture  as  soon  as  it  has  I 
received  the  sanction  of  practical  appli- 1 
cation. 


Some  Curious  Phenomena  Observed  in  Mak- 
ing a  Test  of  Bessemer  Steel,  by  William  Kent, 
M.  E. 

The  Use  of  Determining  Blag  Densities,  by 
Thomas  Blacfarlane. 

On  the  Wear  of  an  Iron  Rail,  by  W.  E.  C. 
Coze. 

An  Apparatus  for  Testing  Resistance  to  Re- 
peated Shocks,  by  William  Kent,  M.  E. 

Working  of  Three  Hearths  at  Cedar  Point 
Furnace,  by  T.  F.  Witherbee. 

The  New  Mining  District  at  Sullivan,  Me., 
by  C.  W.  Kempton,  M.  E. 

American  Society  op  Civil  Engineers. — 
The  June  number  of  the  Transactions, 
which  is  just  at  hand,  contains  one  paper,  No. 
181. 

Flexure  and  Transverse  Resistance  of  Beams, 
by  Chas.  E.  Emery. 

The  eighteenth  annual  meeting  of  the  North 
British  Association  of  Gas  Managers  has 
been  held  at  Edinburgh,  under  the  presidency 
of  Mr.  Alex.  Smith,  of  Aberdeen,  who,  in  the 
course  of  his  address,  gave  it  as  his  opinion 
that  gas  was  hardly  yet  beyond  the  age  of  its 
infancy,  and  had  nothing  to  fear  from  the  elec- 
tric light.  Mr.  Peter  Watson,  of  Stirling,  gave 
the  results  of  his  experience  of  the  effects  of 
frost  on  gas  apparatus  during  the  recent  severe 
winter.  Mr.  Wm.  Young,  of  Clippens,  contri- 
buted papers  on  "The  Elimination  of  Sulphur 
Compounds  from  Illuminating  Gas  "  and  "  The 
Proportion  of  Carbon  present  in  Gas  in  relation 
to  its  Illuminating  Power."  Mr.  D.  Bruce 
Peebles,  Edinburgh,  exhibited  and  described 
his  needle  gas  governor;  Mr.  Esplin,  of  Forfar, 
spoke  in  favor  of  gas  companies  and  corpora- 
tions letting  out  meters  to  consumers  free  of 
charge;  and  Mr.  Jas.  Gilchrist,  of  Dumbarton, 
read  an  interesting  paper  on  "Circumstances 
affecting  the  Price  of  Gas."  A  committee  was 
appointed  to  confer  with  a  committee  of  the 
West  of  Scotland  Association  of  Gas  Managers, 
with  a  view  to  the  amalgamation  of  the  two  so- 
cieties. Mr.  Jas.  Eeid,  of  Haddington,  was 
elected  president  for  the  ensuing  year.  Subse- 
quently, Mr.  Thompson,  of  Messrs.  Laidlaw  & 
Sons,  read  a  paper  on  "A  Gas-Compressing 
Engine  for  the  Recovery  of  the  Volatile  Fluids 
in  Waste  Shale  Gases."  Mr.  Wm.  Cowan,  of 
Edinburgh,  exhibited  and  explained  his  auto- 
matic pressure  charger,  a  machine  which  is  in- 
tended to  do  automatically  an  important  part 
of  the  work  hitherto  performed  by  the  gas  man- 
ager or  his  deputy.  Next  annual  meeting  was 
fixed  to  be  held  at  Perth. 


REPORTS  OF  ENGINEERING  SOCIETIES, 

The  American  Institute  of  Mining  Engi- 
neers have  kindly  forwarded  advanced 
sheets  of  the  papers  read  at  the  Pittsburgh 
meeting  in  May.     They  include : 

The  Tessie  Gas  Producer,  by  A.  L.  Holley, 
C.  E. 

Accidents  in  the  Comstock  Mines,  by  John 
A.  Church. 


The  Institution  of  Civil  Engineers. — 
The  Council  have  awarded  the  following 
premiums  in  respect  of  original  communica- 
tions submitted  during  the  Session  1878-79 : 
For  Papers  Read  at  the  Ordinary  Meetings. 

1.  A  Watt  Medal  and  a  Telford  Premium  to 
George  Frederick  Deacon,*  M.  Inst.  C.  E.,  for 
his  paper  on  "  Street  Carriage-way  Pavements." 

2.  A  Telford  Medal  and  a  Telford  Premium 
to  John  Bower  Mackenzie,  M.  Inst,  C.  E.,  for 
his  paper  on  ''The  Avonmouth  Dock." 

3.  A  Watt  Medal  and  a  Telford  Premium  to 
James  Nicholas  Douglass,*  M.  Inst.   C.  E.,  for 
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his  paper  on  "The  Electric  Light  Applied  to 
Lighthouse  Illumination." 

4.  A  Telford  Medal  and  a  Telford  Premium 
to  Adam  Fettiplace  Blandy,  M.  Inst.  C.  E.,  for 
his  paper  on  "Dock  Gates." 

5.  A  Telford  Premium  to  Edward  Dobson, 
Assoc.  M.  Inst.  C.  E.,  for  his  paper  on  "The 
Geelong  Water  Supply,  Victoria,  Australia." 

6.  A  Telford  Premium  to  James  Price,*  M. 
Inst.  C.  E.,  for  his  paper  on  "Movable 
Bridges." 

7.  A  Telford  Premium  to  John  Evelyn  Wil- 
liams, M.  Inst.  C.  E.,  for  his  paper  on  "The 
Whitehaven  Harbor  and  Dock  Works." 

8.  The  Manby  Premium  to  John  Purser 
Griffith,  Assoc.  M.  Inst.  C.  E.,  for  his  paper  on 
■'  •  The  Improvement  of  the  Bar  of  Dublin  Har- 
bor by  Artificial  Scour." 

For  Papers  Printed  in  the  Proceedings  Without 
Being  Discussed. 

1.  A  Watt  Medal  and  a  Telford  Premium  to 
George  William  Sutcliffe,  Assoc.  M.  Inst  C. 
E.,  for  his  paper  on  "Machinery  for  the  Pro- 
duction and  Transmission  of  Motion  in  the 
large  Factories  of  East  Lancashire  and  West 
Yorkshire." 

2.  A  Watt  Medal  and  a  Telford  Premium  to 
Edward  Sang,  for  his  paper  on  "  A  Search  for 
the  Optimum  System  of  Wheel  Teeth." 

3.  A  Telford  Premium  to  William  George 
Laws,  M.  Inst.  C.  E. ,  for  his  paper  on  "The 
Railway  Bridge  over  the  River  Tyne  at  Wy- 
lam,  Northumberland." 

4.  A  Telford  Premium  to  George  Higgin,* 
M.  Inst.  C.  E.,  for  his  "Experiments  on  the 
Filtration  of  Water,  with  some  Remarks  on  the 
Composition  of  the  Water  of  the  River  Plate." 

For  Papers  Bead  at  Supplemental  Meetings  of 
Students. 

1.  A  Miller  Prize  to  Arthur  Cameron  Hurt- 
zig,f  Stud.  Inst.  C.  E,,  for  his  paper  on  "The 
Tidal  Wave  in  the  River  Humber." 

2.  A  Miller  Prize  to  Robert  Henry  Read, 
Stud.  Inst.  C.  E  ,  for  his  paper  on  "The  Con 
struction  of  Locomotive  Boilers." 

3.  A  Miller  Prize  to  John  Charles  Mackay,f 
Stud.  Inst.  C.  E.,  for  his  paper  on  "  The  Exca- 
vating of  a  Tunnel  in  Rock  by  Hand  Labor 
and  by  Machinery." 

4.  A  Miller  Prize  to  Percy  Wilson  Britton,f 
Stud.  Inst.  C.  E.,  for  His  paper  on  "The  De 
sign  and  Construction  of  Wrought  iron  Tied 
Arches." 

Through  the  politeness  of  Mr.  James  For- 
rest, A.  I.  C.  E.  Secretary,  we  have  received 
the  following  published  papers  of  the  Institu- 
tion of  Civil  Engineers : 

Movable  Bridges,  by  James  Price,  M.  I.  C.  E. 

Irrigation  in  Ceylon,  by  Henry  Byrne,  M.  I. 
C   E 

The  St.  Gothard  Tunnel,  by  Daniel  K.  Clark, 
M.  I.  C.  E. 

Technical  Report  of  the  German  Railway 
Union,  by  Walter  Raleigh  Browne,  M.  I.  C.  E. 

The  Electric  Light  Applied  to  Lighthouse 
Illumination,  by  James  Nicholas  Douglass, 
M.  I.  C.  E. 

*Have  previously  received  Telford  Medals. 
tHave  previously  received  Miller  Prizes.  j 


Dioptric    Apparatus  for    Electric  Light   in 
Lighthouses,  by  James  T.  Chance,  A.  I  C.  E. 


IRON  AND  STEEL  NOTES- 

A  New  Rail-Bending  Machine.— E.  Schra- 
betz  has  supplied  a  long- felt  want  by  his 
invention  of  a  simple  machine  for  bending  rails, 
which  has  proved  to  be  very  effective  in  nu- 
merous cases.  Six  rails  are  laid  on  a  platform 
alongside  each  other,  the  first  of  the  six  being 
the  one  to  be  bent,  while  the  five  others  serve 
as  a  fulcrum  or  foundation  for  the  work. 
First,  both  ends  of  all  the  rails  are  fastened  to- 
gether by  a  U-shaped  clip,  which  passes  over 
the  outside  of  the  sixth  rail,  and  has  a  lug  cast 
on  its  inner  edge  which  fits  into  the  bolt  hole  of 
the  rail  and  thus  prevents  its  slipping.  The 
two  branches  of  the  U  are  then  screwed  to- 
gether behind  the  first  rail  by  a  bolt.  The  ends 
of  all  the  rails  being  thus  rigidly  connected, 
lateral  slipping  is  avoided  by  a  number  of  small 
chocks  which  fit  into  the  flanges  of  the  rails 
and  are  placed  between  them,  each  cbock  hav- 
ing an  eye  through  which  a  bar  can  be  passed- 
for  convenience  of  inserting  or  extracting  it. 
At  a  distance  of  about  3  feet  from  either  end  a 
small  machine,  resembling  and  constructed  on 
the  same  principle  as  a  bottle- jack,  is  then  in- 
serted horizontally  between  the  fifth  rail  and 
the  one  to  be  bent.  It  is  clear  that  when  the 
bottle-jacks  are  turned  by  a  forged  hooked 
lever,  specially  made  for  the  purpose,  their 
heads  will  force  the  outer  rail  out,  and  as  its 
ends  are  secured  they  will  bend  it  to  a  curve. 

Another  Direct  Process  of  Making 
Iron.  —  The  American  Manufacturer 
speaks  of  a  new  direct  process  which  has  been 
introduced  at  Brady's  Bend,  Pa.  The  furnace 
used  is  shaped  like  an  ordinary  blast  furnace 
for  making  pig  iron,  a  hot  blast  is  used,  and  by 
an  attachment  at  the  base  the  product  may  be 
made  directly  into  wrought  iron  without  going 
through  the  indirect  process  of  prior  conver- 
sion into  pig  or  cast  iron ;  or,  if  desired,  a  par- 
tial carbonization  can  be  effected  and  the  pro- 
duct will  be  cast  steel.  The  wrought  iron  is 
obtained  in  the  shape  of  balls  similar  to  pud- 
dled balls,  but  made  without  puddling,  the 
balls  being  made  in  the  attachment  at  the  bot- 
tom of  the  furnace.  If  steel  is  desired,  the  ma- 
terial will  be  heated  to  fusion  in  this  same  at- 
tachment. The  whole  process  is  perfectly  un- 
der control,  and  the  economy,  it  is  claimed,  is 
such  that  a  ton  of  wrought  iron  has  been  made 
with  the  expenditure  of  less  than  a  ton  of  fuel. 
The  cheapest  kind  of  solid  fuel  is  used — viz. , 
coal  slack.  The  ores  employed  are  found  in 
the  vicinity  of  Brady's  Bend,  and  are  reported 
to  be  of  poor  quality.  The  Manufacturer  is 
not  at  liberty  to  publish  full  particulars,  or  the 
name  of  4he  inventor,  but  expresses  an  opinion 
that  the  invention  appears  to  be  the  best  of  all 
the  direct  processes,  and  that  it  may  not  un- 
likely prove  to  be  the  most  important  improve- 
ment in  the  metallurgy  of  iron  since  Neilson's 
invention  of  the  hot  blast. 

HMhe  statistics  of  British  iron  and  steel  ex- 
JL     ports  for  the  month  of  June  and  the  first 
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>ix    months   of   the   year   have  been  received 

irt  of  railway  iron  in  June  W  I 

against  51,198  ions  in  June,  1878,  and  (>:>.- 

in  June,  1877.    The  United  stair-  In- 

(1  it-  importation  from  1'.)   tons  in   June, 

to  312  tons  in  June,  1878,  and  to  4,884 

m  June,  1ST!).    The  exports  of  railway 

in  the  first  six  months  of  thia  year  aggre- 

.  209,599  tons,  against  247,805  tons  in  the 

months  of  1878,  and  828,480  tons  in 

Irst  >ix  months  of  1877.     The  exports  to 

oited  States  in  the  first  six  months  of  1ST? 

were  2,502  tons;  in  the  first  six  month-  of  1*7S 

wire  461  tons,  and  in  the  first   six  months 

hey  wei  tons.     The  total  ex 

j  :    ill  form-  of  iron  and  steel  aggregated 

-    .'iis  in  June.  1879,  against  210,993  tons 

in  June,  1878,  and  223,055  tons  in  June.  i1-;;. 

The  total  exports  of  the  same  commodities  in 

the   tir-t   six    month-  of    1879  were   1,213,628 

gainst   1,127,698   ton-   in  the    first   six 

months  of  1878.  and  1,118,183  tons  in  the  first 

lis  of  1877. 


T 


Ihe  Gkrxab  Ironmasters'  Association 
and  the  New  Definitions  of  Ikon  and 

:..— At  the  Philadelphia  Exhibition,  it  will 

be  remembered,   an    International  Committee, 

consisting  of  commissioners  who  were  over  re- 

;  If e rent  countries,  had   a  dis- 

»n  on  the  classification  of  iron  and  steel, 
and  proposed  new  definitions.  Among  those 
on  the  committee  were  Mr.  I.  Lowthian  Bell, 
31. P..  F.R.S,  and  Dr.  Reuleaux,  of  Berlin. 
The  German  Ironmasters'  Association  has  just 
had  this  classification  under  discussion,  and  re- 
solved:— (1),  That  a  general  classification  of 
iron  and  steel  is  neither  necessary  nor  useful; 
(2).  that  the  tests  now  customary  for  testing 
iron  and  steel  goods — hammering,  bending,  and 
loading  for  rails,  bending  for  axles,  pulling  for 
sheets,  etc. — are  sufficient;  (3),  a  specification 
.of  limits  of  value  of  the  properties  of  iron  and 
steel  goods  in  reference  to  their  uses  is  desira- 
ble; (4i,  that  a  further  prosecution  of  the  ex- 
periments hitherto  conducted  by  the  Associa- 
tion, with  common  commercial  irons,  is  there- 
fore desirable,  in  view  to  an  eventual  special 
classification  of  railway  material;  (5),  that  State 
testing  be  placed  under  the  control  of  a  com- 
mi-sion,  consisting,  on  the  one  part,  of  delegates 
chosen  by  consumers  and  producers  alike,  and, 
on  the  other,  of  approved  men  of  science;  (6), 
quantities  of  metal  in  railway  contracts  to  be 
determined  by  ironmasters  conjointly  with  the 
railway  engineer;  (7),  that  the  proposal  made 
by  Dr.  Reauleanx,  to  draw  up  a  table  of  prop- 

,  and  stamp  goods  with  a  mark  corre- 
sponding to  a  designation  in  the  table  is  imprac- 
ticable. 


Wharves;   in    it-   forty-one  year-'  service   it    ha- 

made  310,164  mile-.'  No  2,  also  from  Brath- 
wajte&Co.,  weighs  12.1  tons,  and  is  reported 

as  "out  of  serviei — to  he  rebuilt,"  but  it  made 
:::'.!»S  miles  last  year,  and  has  run  884,789  miles 
since  May.  L888  No.  -1.  built  In  the  New 
Castle  Company  in  is  12.  weighs  18  8  Ions,  and 
ran  1628  miles  la-t  year,  having  made  but 
154.776  miles  in  its  thirty  seven  year-  of  life;  it 
is  now  out  of  service  and  to  be  rebuilt.  No.  6. 
weighing  Ml  ton-,  built  by  the  Locks  &  Canal- 
Company,  of  Lowell,  Mass.,  in  1848,  18  reported 

as  still  in  service,  assorting  ears  at  Schuylkill 

Haven;  it  is  credited  witli  7138  miles  in  1878. 
and  328,164  miles  in  all.  Nos.  7  and  8,  also 
built  by  the  old  Locks  and  Canals  Company  in 
in  1843,  Weigh  VI. S  tons  each,  and  are  credited 
with  243,84!)  and  308,785  miles  respectively. 
Both  are  now  out  of  service,  though  No.  8  ran 
6155  miles  la-t  year.  The  highest  average 
mileage  per  year  of  any  of  these  engines  was 
8850  miles  made  by  No.  6.  Other  engines  on 
the  road,  however,  have  made  a  much  larger 
average  mileage,  the  highest  among  the  older 
engines  being  that  of  No.  58,  which  has 
averaged  31,823  miles  a  year.  This  engine  was 
built  at  the  company's  Reading  shop  in  1859, 

;  and  last  year  made  54,600  miles  in  passenger 
service  on  the  East  Pennsylvania  and  Lebanon 

j  Valley  branches. 

The  roads  which  are  controlled  by  the  Presi- 
dent, the  celebrated  Vanderbilt,  of  the  New 

!  York  Central  and  Hudson  River — he  is  presi- 

!  dent  of  all.  except  three,  which  have  together 
640  miles  of  road — have  an  aggregate  length  of 
3620  miles  of  road  and  6102  miles  of  track.  On 
these  were  employed,  according  to  the  Railroad 

!  Gazette,  by  recent  pay-rolls,  27,706  men,  who 
receive,   in    round    numbers,    $  1.178,000    per 

i  month,    or  more   than  $  14,000,000  per  year. 

i  There  is  probably  but  one  other  case  in  the 
world  where  so  many  men  are  under  the  orders 

:  of  a  single  man  not  an  army  officer  or  Govern- 
ment official.  The  number  is  somewhat  greater 
than  that  of  the  United  States  army  as  it  now 
stands.  The  roads  on  which  this  force  is  em- 
ployed, the  mileage  of  road  and  of  track,  <fcc. , 
are  as  follows: 

Miles  of  Total       Monthly 

road    track.        men.       pay-roll. 
~nj*   *Y"    Central   and  s 

Hudson  River..  866.  .2277.  .10,728.  .465,000 

N.Y.  and  Harlem.  134..  195..  870..  37,000 

Lk.  Shore  &  Michi- 
gan Southern. . .1176. .1874. .  8052. .398,000 

Canada  Southern.  443..  460..  1661..  65,000 

;  Michigan  Central .  804 . .  1068 . .  4850 . .  188,000 

D'nkirk,  Allegh'ny 

VaL&Pittsb'gh.    90..  101..  380..   14,000 

Rochester  &  State 

line 107..  118..  265..   11,000 


RAILWAY  NOTES. 

THE  Philadelphia  and  Reading  Railroad 
Company,  m  the  statement  contained  in 
port  for  1878  of  locomotives  then  owned, 
mentions  six  engine-  over  thirty-five  years  old. 
Of  these  No.  1  weighs  11.8  tons,  was'  built  by 
i  iWaite  &  Co.,  London,  ran  6053  miles  la-t 
vear.  and  is  still  at  work  on  the  Richmond  coal 


Total 3620    6102    27,706  1,178,000 

The  aggregate  amount  of  capital  stock  of  these 
corporations  is  $186,116,504. 


ENGINEERING  STRUCTURES. 

TnE  Brooklyn  Bridge    Contract.  - 
denned  from  the  Philadelphia  Times. 


Con- 
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VAN  nostrand' s  engineering  magazine. 


Edgemoor  Iron  Company  has  been  awarded  the 
great  contract  for  supplying  the  trustees  of  the 
New  York  and  Brooklyn  bridge  with  10,728,000 
pounds  of  Bessemer  Steel  and  34,000  pounds  of 
iron.  The  president  of  the  company,  William 
Sellers,  is  the  head  of  the  firm  conducting  the 
well  known  machine  works  of  William  Sellers 
&  Co. ,  as  well  as  president  of  the  company  that 
controls  the  Midvale  Steel  Works  at  Nicetown. 
The  Edgemoor  Iron  Works  are  on  the  right 
bank  of  the  Delaware  river,  about  half  a  mile 
from  Edgemoor  Station,  on  the  Philadelphia, 
Wilmington,  and  Baltimore  Railroad,  and  three 
miles  north  of  the  railroad  depot  in  Wilming- 
ton, Delaware. 

The  bids  for  the  Brooklyn  bridge  supplies 
were  as  follows: — Chrome  Steel  Company, 
price  per  pound,  8.25  cents  for  steel,  4  cents  for 
iron;  total,  $886,420.  C.  P.  Haughina,  7.75 
cents  a  pound  for  steel,  4.05  cents  a  pound  for 
iron;  total,  $832,950.  Keystone  Bridge  Com- 
pany, 4.394  cents  for  steel,  5  cents  for  iron; 
total,  $473,258.32.  New  Jersey  Steel  and  Iron 
Co.,  5.74  cents  for  steel,  18.3  for  iron;  total, 
$622,009.20;  for  punched  steel,  $599,480.40. 
Delaware  Bridge  Company— total,  $483,218.80 
for  Bessemer  compressed  steel,  and  $553,166.80 
for  Hay  compressed  steel;  Cofrode  &  Saylor, 
Siemens-Martin  and  Hay  steel,  $643,567,60. 
Leighton  Bridge  Company,  open-hearth-steel, 
$645,125;  crucible  steel,  $854,321;  Bessemer 
steel,  $617,232.  The  bid  of  the  Edgemoor  Iron 
Company  was  4. 35  cents  a  pound  for  steel  and 
for  iron,  making  a  total  of  $468,147. 

Mr.  William  Sellers*  gave  a  Times  reporter 
the  following  information  about  this  great  con- 
tract : 

"By  the  terms  of  the  contract  we  have  to 
furnish  only  five  hundred  tons,  or  less  than 
one-tenth  of  the  whole  quantity,  before  the  1st 
of  next  January.  This  contract  will,  therefore, 
make  no  perceptible  stir  in  our  works  for  some 
months  yet.  After  a  while  the  Midvale  Steel 
Works,  of  which  I  am  president,  will  begin  to 
roll  the  shaped  steel  for  the  beams,  girders, 
trusses,  floor  work,  etc.,  required.  The  steel 
and  iron  that  we  are  to  supply  are  the  entire 
quantity  needed  for  the  suspended  superstruc- 
ture of  the  bridge.  After  being  rolled  at  the 
Midvale  Works,  the  steel  will  be  taken  down  to 
Edgemoor  and  there  fabricated  as  desired.  As 
the  bridge  trustees  could  not  use  more  than  the 
five  hundred  tons  before  the  1st  of  next  May, 
we,  of  course,  would  not  like  to  send  a  larger 
quantity.  After  January  1st  the  trustees  will 
not  be  obliged  to  receive  any  more  material 
until  May  1st,  and  in  case  we  shall  receive  no 
notice  from  the  trustees  before  the  latter  date 
to  furnish  the  remainder  of  the  material,  then, 
and  until  July  1st,  1881,  we  may,  at  our  option, 
determine  the  contract  as  not  obligatory,  and 
after  July  1st,  1881,  the  contract  may  be  can- 
celed by  either  of  the  parties.  We  desired 
such  terms  to  insure  protection  for  ourselves." 

A  representative  of  the  Edgemoor  Iron 
Works  remarked  last  evening  that  the  Brooklyn 
bridge  is  the  second  ever  built  whose  suspended 
superstructure  will  be  of  steel.  The  first  one 
is  the  truss  bridge,  completed  about  a  month 
ago,  across  the  Missouri  river,  on  the  Kansas 


City  extension  of  the  Chicago  and  Alton  Rail- 
road. 


ORDNANCE  AND  NAVAL. 

Since  the  middle  of  April  the  Neva  has  been 
free  of  ice,  and  marine  traffic  is  resumed. 
Two  large  steamers  are  expected  at  Cronstadt 
shortly,  which  both  as  regards  their  construc- 
tion and  the  voyage  they  have  before  them,  pre- 
sent much  that  is  interesting.  They  are  for  ser- 
vice on  the  Caspian  Sea,  have  about  8ft.  draught 
of  water,  and  have  been  built  at  Rostock  of 
steel,  including  the  decks  and  the  lower  masts. 
(The  steel  was  supplied  from  the  Rhine  West- 
phalian  works).  The  boilers  are  heated  with 
petroleum.  Not  with  raw  naphtha,  which  ex- 
ists in  inexhaustible  supply  in  the  Baku  prov- 
ince, but  with  the  heavy  hydro-carbon  which 
forms  a  residue  after  the  refining  process.  The 
steamers  come  to  Stettin  in  January,  to  take 
cargo  for  St.  Petersburg,  thence  to  make  the 
voyage  through  the  country  to  their  destina- 
tion. Their  course  will  be  (briefly)  as  follows  : 
From  St.  Petersburg  to  Schlusselberg,  then 
across  Lake  Ladoga  to  the  mouth  of  the  river 
Swir,  or  by  the  Maria  Canal  system  from  Schlus- 
selberg,  south  of  Ladoga,  to  the  Swir.  This 
river  is  connected  with  the  river  Witegra,  which 
flows  into  Lake  Onega  by  the  Onega  Canal ; 
then  the  course  is  up  the  Witegra  into  the 
Maria  Canal,  and  so  into  the  Bjeloserski  Canal, 
which  opens  into  the  river  Scheksna ;  then 
down  the  Scheksna  to  the  Volga,  near  Rybinsk, 
whence  the  course  of  the  Volga  is  pursued  to 
its  mouth,  at  Astrachan,  in  the  Caspian  Sea. 

Some  further  details  have  been  lately  pub- 
lished of  the  cost  of  the  four  enormous 
ironclads  which  are  being  constructed  for  the 
Italian  Navy.  The  Duilio,  of  10,570  tons  dis- 
placement and  designed  to  carry  four  100  ton 
guns  in  two  turrets,  was  launched  at  Castella- 
mare  in  1877,  and  is  now  so  far  advanced  that 
she  will  be  ready  to  receive  her  armament 
before  the  end  -  of  the  present  year.  It  was 
originally  estimated  that  she  would  cost 
17,000,000  lire— £680,000;  but  it  is  now  found 
that  the  expense  of  her  construction  will  be 
more  than  18,000,000  lire— £720,000.  The 
Dandolo,  a  sister-ship  of  the  Duilio,  was 
launched  last  year  at  Spezzia,  is  now  having 
her  machinery  placed  in  her,  will  be  ready  to 
receive  her  guns  towards  the  end  of  1880,  or 
the  beginning  of  1881,  and  will  cost  very  nearly 
as  much  as  the  Duilio,  or  a  trifle  under  £720,000. 
The  other  two  ships,  the  Italia  and  the  Lepanto, 
which  are  even  larger  than  the  Duilio,  being 
each  of  13,700  tons  displacement,  or  some  2000 
tons  larger  than  the  Inflexible,  are  at  present 
still  on  the  stocks,  but  it  will,  it  is  hoped,  be 
ready  for  launching  next  year.  The  cost  of 
each  of  these  vessels  was  originally  estimated 
at  17,000,000  lire— £680,000;  but  will,  it  is  now 
calculated,  amount  to  19,720,000  lire— £788,800. 
The  four  ironclads  will,  therefore,  together 
cost  9,306,000  lire— £372,240— more,  says  the 
Pall  Mall  Gazette,  than  was  at  first  anticipated ; 
but  it  must  be  added  that  there  is  some  slight, 
though  apparently  by  no  means  well  founded , 
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hope  entertained  that  it  may  be  found   possible 
to  armor  the  Italia  and  I.epanto,  with  plat 
cheaper  manufacture  than  those  placed  on  the 
Danaolo  and  Duilio,  whereby  a  savingof  about 
I  ooo.  tin— £80,000— would  be  effected  in 

the  total  COSt  of  each  ship. 


BOOK  NOTICES. 

rpuuBiNE  Wheels,   (Van  Nostrand's  Science 
JL      -  By  Prof.    \V.  B.  Tkowuriix.k. 

Columbia  College.     New  York:  D.   Van  Nos- 
trand.     Price  50  cents. 

The  reading  of  a  sound  practical  memoir 
frequently  leads  one  to  study  the  subject  dealt 
with,  although  otherwise  it  would  be  neglected 
by  him.  and  this  observation  is  particularly  ap- 
plicable with  regard  to  the  memoir  on  turbine 
wheels  by  Prof.  Trowbridge,  of  Columbia  Col- 
York,  which  has  just  been  reprinted 
from   Y  mkand's   ENGINEERING    Maga- 

zine, the  object  of  the  memoir  being  to  show 
the  inapplicability  of  the  theoretical  investi- 
ions  of  the  turbine  wheel  as  given  by  Ilankine, 
Wefebach,  Bresse,  and  others  to  the  modern  con- 
structions introduced  by  Boyden  and  Francis. 
The  professor,  after  correcting  an  important 
error  in  former  treatises  on  hydraulic  motors,  ex 
plained  how  the  best  practical  results  have  been 
obtained  by  modern  engineers  who  have  dis- 
carded the  formulas  of  the  old  standard  works. 
He  remarks  that  if  Boyden  and  Francis  had  fol- 
lowed strictly  the  rules  of  construction  laid 
down  in  the  works  alluded  to  they  would  have 
failed  in«  their  efforts  to  construct  turbines 
giviug  any  considerable  increase  of  efficiency 
over  the  old  Fourneyron  and  Fontaine  or  Jonval 
wheels  of  European  design  and  construction. 
The  theorem  insisted  on  by  the  writers  in  ques- 
tion was  that  "  the  water  must  enter  the  wheel 
without  shock,"  and  hence  the  mathematical 
condition  of  the  tangential  velocity  of  the  wheel 
where  it  receives  the  water,  and  the  correspond- 
ing component  of  the  velocity  of  the  entering 
water  must  be  equal,  the  effect  of  which  is  to 
prevent  all  impulsive  effects  of  the  entering 
water.  In  the  old  Fourneyron  wheel  the  effects 
of  the  water  in  producing  mechanical  work 
were  thus  made  to  depend  solely  upon  the  sub- 
sequent deviation  which  is  experienced  in  pass- 
ing through  the  wheel. 

It  is  to  be  noted,  says  Prof.  Trowbridge,  that 
both  Rankine  and  Weisbach,  in  discussing  the 
impulse  and  reaction  of  jets  of  water  upon 
moving  vanes,  make  no  reservation  in  regard  to 
the  shock  due  to  impulse,  but  demonstrate  that 
water  may  impinge  at  any  angle  and  with  any 
relative  velocity  upon  vanes,  and  by  a  suitable 
arrangement  of  curvature  and  velocities  may 
have  all  the  energy  destroyed,  and  a  perfect 
efficiency  may  be  obtained.  It  is,  he  continues, 
difficult  to  understand  why  in  the  discussion  of 
the  turbine- wheel  they  insist  on  a  different  prin- 
ciple, and  lay  down  a  mechanical  axiom  at 
variance  with  these  demonstrations.  An  un- 
necessary importance  seems  to  have  been  at- 
tached to  the  idea  that  a  stream  of  water  to 
produce  its  best  effect  upon  a  vane  or  float  must 
glide  upon  the  latter  in  a  tangential  direction. 
He  directs  a  very  simple  experiment  to  demon- 


strate this,  which  requires  no  other  apparatus 

than  a  goblet  and  a  u.xw  necked  tube.  In  eon 
elusion.  Prof.  Trowbridge  Btates  that  the  gen- 
eral principles  to  be  kepi  m  view  f or  all  buckets 
are — That  the  channels  between  the  buckets 
shall  not  have  abrupt  changes  in  direction ;  that 
they  shall  be  as  short  as  possible;  that  the  cur- 
vature  of  the  buckets  shall  be  continuous;  that 

the  discharging  edges  of  the  buckets  shall  have 
a  uniform  discharging  angle;  and  that  the 
Section  of  the  channels  between  the 
buckets  shall  be  uniform  throughout.  It  is 
especially  important  that  the  water  should  leave 
the  guide-blades  and  enter  the  wheel  in  clear 
transparent  streams  without  contraction,  in 
order  that  these  streams  may  continue  unbroken 
through  the  wheel  to  the  point  of  discharge. 
The  value  of  the  information  given  by  Prof. 
Trowbridge  cannot  be  over-estimated,  and  the 
memoir  should  be  carefully  studied  by  every 
engineering  student. 

Annual  Report  of  the  Chief  Signal 
Officer  for  the  Year  1878.  Washing- 
ton :  Government  Printing  Offiice. 

The  work  under  direction  of  Gen.  Myer,  is 
regarded  with  interest  and  pride  by  every  intel- 
ligent citizen. 

The  importance  of  it  is  no  longer  questioned, 
and  the  Report  assures  us  that  the  subordinate 
officers  are  improving  in  zeal  and  efficiency. 
There  is  no  difficulty  in  finding  recruits  for  such 
vacancies  as  occur  from  among  the  most  intelli- 
gent classes  of  the  country. 

It  must  inevitably  happen  that  from  this  sys- 
tematic plan  of  observing  and  recording  meteor- 
ological changes  there  will  come  a  better  know- 
ledge of  the  laws  governing  them,  and  that  the 
honor  of  contributing  to  such  knowledge  will 
belong  in  the  largest  degree  to  our  own  Meteor- 
oligical  Bureau. 

Canal  and  Culvert  Tables  Based  on  the 
Formula  of  Kutter.  By  Louis  D.  A. 
Jackson,  A.M.J.  C.  E.  London:  William  H. 
Allen  &  Co.     Price  $10.00. 

After  a  discussion  of  Kutter's  formula  and 
the  range  of  its  application,  the  author  has 
compiled  for  convenient  use,  tables  of  which 
the  following  is  a  synopsis : 

I.  Formulas,  Symbols  and  Values  of  Varia- 
bles; II.  Coefficients  of  Mean  Velocity;  III. 
Values  of  the  Expression  100 ^RS;  IV.  Sec- 
tional data  for  Culverts  and  Canals ;  V.  Mean 
and  Maximum  Velocities;  VI.  Results  for 
Glazed  or  Cemented  Pipes;  VII.  Results  for 
new  Culverts  Brick,  Iron  or  Cement;  VIII.  Re- 
sults for  Canals  of  Rectangular  Section;  IX. X. 
XL  Results  for  Canals  in  Earth  of  Different 
Kinds ;  XII.  Results  for  Reduction,  Multipliers, 
etc. 

The  work  which  is  in  a  fine  royal  octavo  form 
closes  with  Examples  and  Calculations. 

FOUNDATION  AND  FOUNDATION  WALLS.      By 
George  Y.  Powell.     New  York :  Bick- 
well  &  Comstock.     Price  $1.50. 

The  title  of  this  work  is  suggestive  of  prac- 
tical hints  upon  a  relatively  much  neglected 
subject. 

The  authors,  for  there  are  two,  Mr.  Baumann, 
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an  architect,  contributing  two  chapters  of  valu- 
able hints  on  foundations  for  houses — are  prac- 
tical and  brief  to  the  last  degree. 

The  work  will  prove  of  great  value  to  young 
engineers  by  calling  attention  to  the  first  and 
most  obvious  principles  of  bases  for  superstruc- 
ture, and  to  the  engineering  services  by  which 
common  obstacles  are  overcome. 

The  properties  of  all  the  various  materials  in 
use  for  bases  are  fully  discussed,  and  the  meth- 
ods of  starting  the  superstructure  from  the  pre- 
pared foundation  described  and  illustrated. 
L'Elairage  Electrique.  Par  Lb  Comte 
Th.  Du  Moncel.  Paris :  Librairie  Hach- 
ette  et  Cie.     Price  90  cts. 

This  work  presents  a  complete  history  of 
Electric  Lighting,  including  the  so-called  lamps 
and  their  regulators  down  to  the  present  year. 
The  principal  magneto-electric  machines  are 
also  described  and  finely  illustrated. 

The  name  of  this  celebrated  author  is  a  suf- 
ficient guaranty  of  the  accuracy  of  the  informa- 
tion afforded  by  this  compact  essay. 

The  Telephone,  the  Microphone  and  the 
Phonograph.  By  Count  du  Moncel. 
Authorized  translation.  London  :  C.  Kegan 
Paul  &  Co      Price  $2.00. 

This  is  a  translation  of  the  work  mentioned 
among  our  Book  Notices  some  two  or  three 
months  ago.  The  various  forms  of  these  instru- 
ments are  beautifully  illustrated,  including  all 
down  to  the  time  of  the  publication  of  the  or- 
iginal French  work. 

""  The  later  form  of  Edison's  telephone  has  ap- 
peared since,  and  is  not  therefore  noticed  even 
by  the  translator. 

MISCELLANEOUS. 

IRON  ON  THE  PHILADELPHIA  AND  READING 
Railroad. — The  Philadelphia  and  Read- 
ing Railroad  Company  is  testing  the  utility  of 
iron  crossties  instead  of  wood  sleepers,  near  its 
depot  at  Phcenixville. 

IOCOMOTIVES  ON  THE  CHICAGO,  MILWAUKEE 
_j  and  St.  Paul  Railroad. — It  appears 
that  twelve  additional  locomotives  were  placed 
upon  the  Chicago,  Milwaukee,  and  St.  Paul 
Railroad  in  1878.  The  company's  stock  of 
engines  was  thus  increased  to  ^26. 

French  Railway  Working  Expenses. — 
The  ratio  of  the  working  expenses  to  the 
traffic  receipts  on  the  old  network  of  the  Paris, 
Lyons,  and  Mediterranean  Railway  was  brought 
down  last  year  to  36.03  percent.  The  corre- 
sponding ratio  in  1877  was  37.08  per  cent. 

Gold  in  Russia. — The  St.  Petersburg  papers 
report  a  great  development  of  the  gold 
production  of  Russia.  Strata  containing  gold  in 
considerable  quantity  have  recently  been  discov- 
ered in  the  Ural  Mountains.  It  is  said  that  in 
the  district  of  Sennigsei,  a  Russian  proprietor 
has  found  gold  in  his  gold  mine,  near  Moty- 
gynn,  a  nugget  445  lb.  in  weight,  representing  a 
value  of  nearly  £15,000. 

Indian  Cities. — British  India  has  44  cities 
counting  50,000  inhabitants  and  upwards, 
the  most  populous  ones  being:  Calcutta,  892,- 
429;  Bombay,  644,405;  Madras,  397,552;  Luck- 
now,  284,779;  Benares,   175,188;   Patna,  158,- 


900;  Delhi,  154,417;  Agra,  149,008;  Allahabad, 
143,693;  Bangalore,  142,513;  Amritsur,  135,813; 
Cawnpore,  122,770;  Pouna,  118,886;  Ahmeda- 
bad,  116,873;  Surat,  107,149;  Bareilly,  102,982; 
Lahore,  98,924;  and  Rangoon,  98,745. 

Coal  in  Victoria. — There  have  been  so 
many  announcements  of  the  discovery  of 
paying  seams  of  coal  in  Victoria,  all  of  which 
have  proved  to  be  failures,  that  any  fresh  noti- 
fication of  such  a  discovery  is  looked  upon  with 
suspicion.  It  is,  however,  now  said  that  a  fine 
seam  of  coal,  at  least  2  feet  6  inches  thick  at  the 
outcrop,  has  been  discovered  at  the  Moe,  about 
two  miles  from  the  G-ippsland  line  of  railway. 
A  company  is  being  formed  to  test  the  discov- 
covery. 

American  Bridge  Restoration.  — Owing  to 
their  immense  weight,  the  iron  shoes  in 
which  rest  two  of  the  spans  of  a  long  railroad 
bridge  at  Easton,  Pennsylvania,  lately  sunk 
about  an  inch,  throwing  the  bridge  out  of 
grade.  As  it  was  certain  that  the  depression 
would  continue,  owing  to  the  fact  that  the 
inside  masonry  of  the  pier  is  less  solid  than  the 
outside,  an  iron  casting  12  feet  long,  3  feet 
3  inches  wide,  and  3  inches  thick,  weighing 
70C0  lbs.,  was  recently  successfully  placed 
under  the  spans  in  order  to  elevate  them.  The 
spans  weigh  180  tons  each.  Hydraulic  jacks 
were  used.  The  spans  were  raised,  the  mason- 
ry redressed,  the  castings  placed  in  position, 
and  the  spans  lowered  without  the  stoppage  of 
a  single  train. 

A  good  example  of  what  can  be  done  in  the 
utilization  of  waste  foreshore  lands  by 
private  enterprise,  is  the  recent  reclamation  of 
about  750  acres  at  Pagham  on  the  Sussex  coast. 
The  first  step  taken  was  to  make  an  embank- 
ment or  sea  wall  and  to  get  the  soil  drained  into 
an  open  bed  in  the  center  of  the  area,  the  out- 
let of  which  is  controlled  by  a  sluice  automati- 
cally closed  at  high  water.  The  process  of  cul- 
tivation was  first  attempted  with  horses,  but 
the  soil  of  a  great  part  of  the  reclaimed  land  is 
close  and  muddy,  and  an  essential  to  successful 
culture  is  to  loosen  and  lighten  the  top  soil  so 
as  to  admit  the  air  and  sun.  After  ploughing 
and  harrowing  with  horses  a  shower  of  rain 
caused  the  land  to  run  together,  and  it  was  then 
decided  to  apply  steam  power  to  the  work,  so 
as  to  lift  up  and  thoroughly  loosen  the  soil  to  a 
depth  of  lOin.  The  land  thus  treated  keeps 
light  and  does  not  run  together  again,  and  the 
condition  of  the  corn  plant  sown  on  lands  thus 
treated  by  steam  power  is  remarkably  superior 
to  that  on  the  same  class  of  land  Worked  by 
horse  power.  The  character  of  the  soil  makes 
it  impossible  to  travel  engines  over  it.  At 
Barth,  on  the  Welsh  coast,  similar  operations 
were  carried  out  a  few  years  ago,  and  as  Messrs. 
Howard's  steam  tackle  was  used  there  the 
proprietor  resolved  to  adopt  it  at  Pagham. 
The  engine  is  placed  on  a  road  which  has  been 
made  alongside  the  reclaimed  lands,  the  ropes 
being  passed  round  the  piece  to  be  cultivated, 
two  traveling  anchors  taking  the  place  of  two 
men.  During  the  passed  season  a  large  num- 
ber of  acres  were  ploughed  and  cultivated  in 
this  way,  and  the  corn  sown  there  is  now  ripen- 
ing for  the  sickle. 
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THEORY  OF  SOLID  AND  BRACED  ELASTIC  ARCHES,  * 

APPLIED  TO  ARCH  BRIDGES  AND  ROOFS  IN  IRON,  WOOD,  CONCRETE  OR 
OTHER  MATERIAL.     GRAPHICAL  ANALYSIS. 

By  WM.  CAIN,  C.E.,  Carolina  Military  Institute,  Charlotte,  N.  C. 
Contributed  to  Van  Nostrand's  Magazine. 


I. 


GENERAL    OBSERVATIONS    AND    THEOREMS. 


1.  The  term  solid  arch  is  applied,  in 
what  follows,  to  arches  having  a  contin- 
uous web  connecting  the  flanges;  the 
term  braced  arch,  to  such  as  are  braced 
between  the  flanges  by  the  usual  struts 
and  ties,  forming  any  pattern  of  open 
web.  As  contradistinguished  from  the 
voussoir  arch,  the  solid  or  braced  arch  is 
capable  of  supplying  tensile  resistances, 
at  any  ideal  section,  when  needed ;  though 
as  all  arches  are  composed  of  elastic  ma- 
terials the  term  elastic  arch  is  applicable 
to  any  one  of  them.  When  the  solid 
arch  is  hinged  at  one  or  more  points  (not 
exceeding  three)  there  are  of  course  no 
tensile  forces  exerted  at  the  hinged  joints, 
so  that  the  hinged  joints,  if  any,  must  be 
excepted  in  the  above  definition. 

If  the  arch  has  more  than  three  hinged 
joints,  it  is  no  longer  stable,  except  as  a 
suspension  bridge.  In  the  voussoir  arch, 
composed  of  many  stones  laid  flat  against 
each  other,  the  joints  are  not  hinged;  in 
fact,  if  the  arch  ring  is  of  such  propor- 
tions, that  only  compressive   forces  are 


•  It  was  designed  by  the  Author  that  this  series  should 
immediately  follow  the  articles  on  Solid  Arches.  The  press 
of  other  matter  prevented. 
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exerted  at  each  actual  joint,  the  treatment 
may  fall  under  that  pertaining  to  solid 
arches,  as  was  first  suggested  in  the  pre- 
ceding paper  on  Voussoir  Arches,  article 
27,  remark.  This  connection  between 
solid  and  voussoir  arches,  will  be  more 
fully  developed  in  the  present  paper.  The 
aim  has  been,  in  what  follows,  to  treat 
solid  and  braced  arches  in  the  most  gen- 
eral manner;  the  graphical  method  offer- 
ing great  facilities  in  making  the  discus- 
sion very  comprehensive,  and  at  the  same 
time  simple  and  obvious.  As  is  well 
known,  the  strictly  analytical  treatment 
of  this  subject,  especially  in  the  applica- 
tions, is  tedious  in  the  extreme.  For  the 
best  analytical  discussion,  the  reader  is 
referred  to  that  of  Winkler,  given  in 
DuBois'  very  comprehensive  Graphical 
Statics.  It  is  hoped  that  the  purely 
graphical  solution  following  may  be  com- 
prehended by  many,  who  posess  only  a 
knowledge  of  the  composition  and  resolu- 
tion of  forces  and  the  principles  of  mo- 
ments as  taught  in  mechanics.  To  this 
end  a  brief  review  of  the  eqilibrium  poly- 
gon and  some  of  its  properties  seems 
necessary,  after  which  the  theory  in  ques- 
tion will  be  entered  upon. 
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The  Graphical  analysis  has  received 
attention  from  Wm.  Bell  (Rigid  Arches, 
&c,  Van  Nostrand's  Magazine,  Vol.  VIII) ; 
Prof.  Chas.  E.  Greene  (in  JE?igineering 
News,  1877),  and  Prof.  H.  T.  Eddy  in 
Researches  in  Graphical  Statics-,  much 
of  the  latter  treatise  having  first  appeared 
in  Van  Nostrand's  Magazine  for  1877. 

The  method  adopted  by  Prof.  Eddy 
constitutes  a  marked  advance  in  precision 
of  treatment,  rendering  possible  the  ready 
and  exact  location  of  the  true  curve  of 
pressures  by  a  systematic  method,  in  place 


of  the  method  of  innumerable  trials,  here" 
tofore  resorted  to.  It  is  largely  drawn 
upon  in  what  follows.  In  order  to  ren- 
der the  solution  as  exact  as  the  graphical 
method  will  admit  of,  the  few  principles 
of  the  theory  of  elasticity  that  are  needed 
will  also  be  demonstrated. 

2.  Equilibrium  polygon. — Let  the 
parallel  forces  (Pig.  1)  acting  through 
rvPi?Ptf  Ps  and  r2^e  m  equilibrium,  their 
intensities  being  represented,  to  the  scale 
of  force,  by  the  lines  R]?  P1?  P2,  P3  and  R2 
on  the  left,  drawn  parallel  to  the  forces. 


Fig.  I- 


From  any  point  O,  not  on  the  force 
line  P,  draw  the  dotted  rays  to  the 
extremities  of  the  lines  representing 
Pl5  P2  .  .  .  .  Now  commencing  at  any 
point  rx  of  the  first  force  on  the  left, 
draw  r1  p1  ||  ray  R^,  then  pxp2  ||  ray  PjP2, 

p*  p*  II  ray  p2p3  and  Psr*  II  ray  p3R2 ;  mean- 

ing  by  ray  RjP^  P^,*  •  •  •  >  the  rays  from 
O  included  between  the  letters  men- 
tioned. 

Now  it  will  be  found  that  the  line  rx  r2 
is  parallel  to  the  ray  R^  or  00'  as  may 
easily  be  proved  from  mechanical  princi- 
ples. Thus :  conceive  applied  along  each 
of  the  lines  rx  p,  pxp#  p2  p3  and p%  r2,  two 
opposed  forces,  each  equal  to  the  force 
that  is  measured  by  the  length  of  the  ray 
to  which  the  line  is  parallel.  This  does 
not  disturb  equilibrium,  but  it  adds  at 
px,  two  forces  equal  to  the  rays  P,Ri  and 
PXP2  measured  to  the  scale  of  force. 
Similarly  at  p^  and  p3  are  added  the 
forces  represented  by  the  rays  P,P2,  P2P3 
and  P2  P3,  P3  R2,  so  that  complete  equili- 
brium is  established  &tpx,p2a,iidp3,  since 
there  are  three  forces  at  each  point  pro- 
portional to  the  sides  of  a  triangle  par- 
allel to  their  directions,  as  we  see  from 
the  force  diagram  on  the  left.    Moreover, 


since  the  P's  act  downwards,  the  applied 
forces  at  each  vertex,  px,  p^ . .  . ,  must  act 
away  from  that  vertex,  as  we  see  by  fol- 
lowing round  the  triangle  of  forces  for 
each  vertex  p. 

Now  as  the  primary  forces  are  in 
equilibrium,  we  must  likewise  have  com- 
plete equilibrium  at  both  rx  and  r2  from 
the  original  forces  R1  and  R2  and  the 
remaining  forces  applied  along  the  lines 

Now  in  order  to  have  separate  equili- 
brium at  both  r1  and  r2  we  must  apply 
two  opposed  forces  at  rx  and  r2,  each 
equal  to  the  resultant  of  R1  and  ray  R^, 
or  of  R2  and  ray  R2P3,  (i.  e.  equal  to  the 
ray  RXRJ  which  forces  balance  only  when 
this  ray  R^  is  parallel  to  rxr3. 

Hence,  if  the  forces  P1?  P2,  Ps,  acting 
at  px,  jt?2,  ps,  are  given,  and  it  is  required 
to  find  the  forces  at  rx  and  r2  (similar  to 
the  reactions  of  a  loaded  girder)  we  lay 
off  the  forces  P1?  P2 . . . ,  in  order,  parallel 
to  their  directions;  then  starting  at  ?\ 
or  on  a  vertical  through  rx,  we  draw 
r,Pi  II  ray  RrP,,  Pl  P,  II  ray  I\P,  etc.,  to  r2 ; 
then  a  line  00'  drawn  parallel  to  rxo\ 
will  divide  the  force  line  P  into  the  two 
reactions   Rx  and   R2,  for   now  at   each 
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point,  r,,  />,,  .  .  . ,  on  supplying  the  imag- 
inary forces  we  have  equilibrium.  The 
line  /•/.,  is  called  the  closing  line,  and 
the  polygon  rj\  ....  r,  the  equilibrium 
polygon. 

Further:  if  we  prolong  the  sides  r,  ;>, 
and  /•„  }\  to  intersection  /\  the  resultant 
R^Rj-i-R.j  acts  through  r,  and  is  of 
course  parallel  to  the  original  forces. 
This  is  evident  if  we  consider  only  the 
forces  at  rl5  r,  acting  upwards,  and  II 
acting  downwards  at  r,  we  see  that  on 
supplying  the  opposed  forces  along  the 
lines  rrxi  /',>•„,  i\i\  equal  to  rays  P,!^,, 
RjR.,,  P3R  that  the  system  is  in  equili- 
brium. 

3.  We  shall  repeatedly  have  to  solve 
this  problem:  given  the  forces  at  px,p. — 

find  their  resultant  R.  We  have  then 
simply,  from  some  point  px  on  the  first 
force,  to  draw  pjp#  ||  ray  P,P„,  &c.';  from 
the  last  point/?,  so  found.  drawer  ||  ray  P3R 
to  intersection  r  with  pxr 1|  ray  PXR.  It  is 
seen  that  on  supplying  the  imaginary 
forces  that  the  system  is  in  equilibrium 
at  each  vertex  px,  pt, . . .  ps,  r.  The  force 
R  at  r,  acting  in  an  opposite  direction  to 
that  which  causes  equilibrium,  is  the  re- 
sultant of  the  forces  at  plt  p  ...  in.  posi- 
tion, direction  and  magnitude. 

4.  Again,  let  us  consider  the  original 
forces  at  r,,  px,  p2,  p3  and  o\  in  conjunc- 
tion  with  the  forces  applied  along  the 
sides  of  the  equilibrium  polygon 
ri  Px  Pi  •  •  •  ri  *na^  cause  equilibrium  at 
each  vertex.  Let  us  suppose  a  vertical 
section  made  at  any  point  a  and  that  the 
right  part  ah\  is  removed.  Now  equili- 
brium still  obtains  at  the  apices  rl5  px 
and  p  .  Now  for  any  system  of  forces  in 
equilibrium,  the  sum  of  their  movements 
about  any  point  in  their  plane  is  zero. 
The  forces  along  r,  px  and  px  p9  balance 
leaving  the  forces  R2,  P1?P2,  whose  mo- 
ment about  a  we  shall  call  M,  the  force 
along  p2  p2  and  that  along  rxb  which  is 
represented  by  C.  Taking  moments 
about  a 

M-C.ac=0 

Call  the  perpendicular  from  the  pole  O 
to  the  force  line  P,  .  .  .  P3  the  pole-dls- 

f<//>ce=~H.. 

Now  ac  the  perpendicular  from  a  upon 

rj'„  =  ah.  cos.  bac.\  C. ac=C.  cos.  bacXcib 

=H.  ab,  as  is  seen  from  the  left  figure  or 
force  diagram 


Or  the  moment  of  the  vertical  forces 
to  one  side  of  any  point  a  is  equal  to  the 
pole  distance,  H  measured  to  the  scale 
of  force  multiplied  by  the  ordinate  of  the 
equilibrium  polygon  at  that  point,  to  the 
scale  of  distance.  M  is  the  same  taken 
about  any  point  in  the  line  ab\  hence  is 
measured  by  H.ab  for  any  point  in  the 
same  vertical. 

It  is  this  property  of  the  equilibrium 
polygon  that  we  shall  find  of  special  util- 
ity in  treating  solid  arches. 

As  the  above  result  must  be  true  when- 
ever the  pole  O  is  placed,  we  see  that  for 
any  number  of  equilibrium  polygons  the 
product  Hyis  constant;  whence  a  deer*  ase 
of  H involves  an  increase  in  y  in  the  some 
ratio,  and  the  reverse. 

5.  If  we  desire  to  construct  a  new 
equilibrium  polygon,  with  the  same  clos- 
ing line  i\r2  as  the  first,  the  new  pole  O' 
must  be  taken  on  the  ray  RjR2,  since  this 
ray  must  be  parallel  to  the  closing  line. 
The  equilibrium  polygon  is  constructed 
as  before,  as  shown  in  the  figure.  If 
some  other  pole  had  been  chosen,  lying 
in  a  vertical  line  through  O',  on  drawing 
the  equilibrium  polygon  through  rx  as 
before,  the  point  i\  will  be  found  above 
or  below  its  present  position,  but  the  or- 
dinates  y  remain  the  same.  If  these  ordi- 
nates  are  taken  in  dividers  and  laid  off 
from  the  present  position  of  rxr#  the  equi- 
librium polygon  qq . . .  can  be  located  with- 
out the  necessity  of  drawing  it  directly. 

6.  If  we  denote  the  horizontal  distances 
of  the  forces  R^P^P,,,  acting  at  r^p^p^ 
from  a  by  x0,xx,x2,  respectively,  we  have 
just  found  that, 

R1oj0-(P1a;1+PaajJ=H.ad=H.y. 

Produce  ba  to  intersection  r  (it  hap- 
pens to  be)  with  rjf>  produced.  Now  the 
triangle  i\rb  is  similar  to  the  one  with 
vertex  O  and  base  R,; .-.  H:  Rx::  x0:  br,  or 
Jlx%=!Lbr.  Substituting  this  value 
above,  we  have, 

PJ«1+P1asi=H.an 

From  this  equation  it  is  evident  that 
we  have  a  ready  means  of  finding  the  sum 
of  a  series  of  products,  of  the  type  Par,  in 
the  eqiulibrium  polygon.  We  have  only 
to  draw  verticals  through  points  px9  ;>2, 
whose  horizontal  distances,  to  some  scale, 
from  the  vertical  ab,  are  xx,x..,  respect- 
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ively ;  then  on  laying  off  to  some  scale, 
(the  same  as  before  if  desired)  the  quan- 
tities Pj,P2,  along  the  line  P^  and  con- 
structing an  equilibrium  polygon  through 
any  point  rl9  by  drawing  rxpx  ||  ray  R,P, 
pxPi  ||  ray  PXP2,  p9pa  ||  rayP2P3  to  inter- 
section a  with  the  vertical  ab,  and  the  clos- 
ing line  rxa  in  this  case,  we  find  P1a?1 
+  T>2x2=H.ar  as  before;  H  being  meas- 
ured to  the  scale  of  the  P's,  and  ar  to  the 
scale  of  the  cc's.  The  principle  evidently 
applies  to  any  number  of  supposed 
forces  lying  to  the  left  of  ab.  It  is  evident 
that  the  principle  is  true  however  near 
rx  is  taken  to  pv  The  construction  is 
simplified  by  causing  rx  and  p  to  coincide 


so  that  pxa  will  be  the  closing  line.  The 
proof  is  easily  extended  to  the  case  when 
the  forces  are  laid  off  on  P, . .  P3  in  any 
order,  and  some  of  them  act  in  opposite 
directions. 

7.  The  following  is  a  simple  geometri- 
cal proof  that  involves  the  important 
problem  of  quadratures.  Suppose  it  re- 
quired to  find  the  numerical  value  of  the 
sum  of  the  products  (P^  +  P2a?2  4- P3#s 
+  P4cc4),  Pl5  xx,  etc.,  denoting  any  numer- 
ical values  whatsoever. 

Draw  the  vertical  act  and  the  hori- 
zontal xx  (Fig.  2).  Through  the  points 
xx,  a?2,  .  .  distant  xx,  x%,  .  .  to  scale,  from 
aa  draw  vertical  lines,  xxpx,  etc. 


Xs 

%2 

Xi          Xy/ 

%o 

P 

y 

/       / 

py/ 

,.  - 

.^"' 

.-*"' 

p4- A 

Fig.  2. 
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*" 
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Next  lay  off  to  some  scale  (the  same 
scale  used  for  the  xs  if  preferred) 
P1?  P2,  .  .  .  ,  in  order  on  a  vertical  line 
PXP4  and  from  some  point  O,  draw  the 
rays  to  the  extremities  of  Pl5  P2, . . . ,  and 
denote  any  ray  by  the  letters  enclosing 
it.  Then  starting  at  some  point  a,  draw 
apx  l|  ray  APX  to  px  in  the  first  vertical, 
then  draw pxp^\ ray  PjP^  to  intersection 
j92  with  the  vertical  p2,  then  /?2£>JrayP2P3, 

1\  2\  II  ray  P3P4  and  1\  a*  Jl  PA4  to  inter" 
section  a.  with   the   vertical  aa.     Then 

4 

denoting  by  H  the  perpendicular  from  O 
upon  the  line  PXP4,  measured  to  the  scale 
of  the  P's,  and  measuring  aaA=v,  to  the 
scale  of  the  xs,  we  have 

P^  4-  P2*2  +  P3*3  +  P4*4=H.u 
The    proof  is   easy.     Extend  the  lines 
P,  Pv  Pi  P*  •  •  •  to  intersection  al9  da,  .  .  . 
with    aa ;    then    each    triangle,    px  aax, 
pjLxa^  ...  is  similar  to  a  triangle  in  the 


a      i. 


figure  on  the  left,  the  sides  being  par- 
allel ;  hence  the  ratio  of  base  to  attitude 
is  the  same  for  both 


H:P1 
H:P„ 


xx 

OS. 


aax 
a,a„ 


.  ~P1x1=H.aal 
P2a;2=H.a1a2 


Adding  the  equations,  we  have 

P1a;1  +  P9aja+  •  •  •  ^H.aa^H.v 

as  stated  above.  This  is  the  general 
principle  involved  in  Culmann's  "Summa- 
tion Polygon."  The  notation  employed 
above  seems  to  forbid  the  possibility  of 
a  mistake  in  construction. 

On  applying  this  rule  to  the  products 
(P1a?1  +  P2cc2)  and  (P3#3  4-  P4#4)  separately, 
beginning  the  construction  for  the  last 
at  a2,  we  see  that  (P^  +  P2a;a)-(P3cc3+P4£c4) 
=H(aa2— a2a4),  a  principle  that  we  shall 
find  of  great  utility. 

To  apply  the  above  principle  to  areas, 
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as  the  one  shown  on  the  left,  draw 
through  each  corner  of  the  plat,  lines 
J.  Pj  P4,  thus  dividing  the  figure  into 
triangles  and  trapezoids.  Take  the  hori- 
zontal medial  lines  xx9  x%,  .  .  .  of  each 
triangle  and  trapezoid  in  dividers,  and 
lay  off  on  line  xx  as  above.  The  lines 
P,,  P2,  .  .  .  are  the  altitudes  of  the  tri- 
angles or  trapezoids ;  so  that  by  choosing 
a  pole  O  at  a  distance  H  (an  even  number 
is  best)  from  P,P4,  and  proceeding  as 
above  we  find  (P,.**,  +  Paa;9  +  .  .  .  )=H.y 
=  area  of  figure.  In  this  case  H  and  v 
are  measured  to  the  same  scale. 

If  another  plat  is  made  alongside  of 
the  one  shown,  the  area  of  both  may  be 
found  at  one  operation;  the  distances 
xx,  a;,,  .  .  will  now  denote  the  sum  of  the 
medial  lines  of  the  corresponding  trape- 
zoids of  both  figures.  Where  the  same 
area  has  a  slice  taken  out  of  it,  this  prin- 
ciple will  be  needed.* 

It  is  generally  convenient  to  choose  H 
about  the  mean  width  of  the  plot,  whence 
v  will  be  the  mean  height  about,  and  the 
construction  to  the  right  is  kept  within 
bounds. 

8.  Suppose  it  required  to  find  (P^2 
4-P2#224-  .  .  .  )  or  the  moment  of  inertia 
of  the  forces  P(,  P2, .  .  .  acting  at  xx,x2... 
about  the  axis  act.  After  making  the 
above  construction,  regard  the  segments 
aax,  ar  a2, ...  as  forces  applied  at  xx,x^ ..., 
and  make  a  construction  similar  to  the 
above  with  a  pole  distance  IT,  and  denote 
the  segments  cut  off  on  the  line  aa},  by 
bblt  bx  62,  .  .  .  .     Then  we  have,  as  before, 


aa1.xi='Ei/.bbl,  a1a€l.xi='B.'.b1bi,  etc. 
Multiplying  both  sides  by  H  and  adding, 

noting  that  by  art.  7  H.aa^='P1xx,  etc., 
we  find, 

(P,*1'+PA'+  . . .  )=H'.H.M,. 

For  a  full  discussion  of  the  elements 
of  Graphical  Statics,  the  reader  is  refer- 
red to  DuBois'  Graphical  Statics,  and 
Eddy's  Researches  in  Graphical  Statics. 
We  have  already  nearly  all  the  principles 
of  the  method  that  we  shall  use  in  this 


*  I  have  recently  used  the  ahove  method  in  ch<  eking 
numerical  computations,  and  find  that  for  9mall  tracts  of 
land  (30  acres  say),  the  difference  between  the  graphical 
and  numerical  methods  was  nearly  zero,  for  two  100  acre 
tracks,  -2-0-  of  an  acre  difference;  for  a  250  acre  tract,  3.1 
acres;  for  a  400  acre  tract  2.2  acres.  Scale  used  was 
500  feet =1  inch.  The  above  is  only  intended  to  give  some 
idea  of  the  accuracy  of  the  method; using  only  ordinary 
care. 


treatise,  and  shall  now  proceed  to  their 
application  in  the  case  of  the  arch. 

THEORY    OF    ELASTICITY. 

9.  Let  Fig.. 3  represent  a  portion  of  a 
solid  arch  with  parallel  flanges,  whose 
neutral  axis,  when  ordinary  flexure  alone 
is  considered,  is  nn. 


Consider  the  part,  whose  length  meas- 
ured along  nn  is  s,  included  between  the 
two  normal  planes  that  make  an  angle  a 
before  strain  and  a'  after  strain.  Let  R 
be  the  resultant  of  the  external  forces  at 
the  middle  of  the  part  taken.  At  the 
middle  of  s  on  nn  conceive  two  equal 
opposed  forces  +R,  — R,  each  equal  to 
R.     The  force  R  is  thus  equivalent  to  a 

couple  RR  and  a  force  +  R  at  the  middle 
of  s  on  nn.  This  latter  force  may  be 
decomposed  into  two  components  T  and 
N  tangential  and  normal  to  nn  at  the 
point  of  action.  The  forces  T  on  each 
part  produce  a  shortening  of  the  entire 
arch  and  its  effect  may  be  considered  by 
itself,  as  we  shall  see.  The  force  N  is 
similar  to  the  shearing  strain  in  a  straight 
beam  (see  art.  82).  The  moment  RR  is 
principally  effective  in  changing  the  curv- 
ature of  the  arch,  and  it  will  alone  be 
considered  in  this  connection  at  present. 
The  deformation  caused  by  N  is  of  course 
too  small  to  be  regarded  in  the  solid  arch 
with  a  continuous  web.  See  art.  84  for 
its  effect  on  braced  arch.  Call  the  dis- 
tance of  any  fiber  from  nn,  v  ;  its  length 
before  flexure  is  s  +  va,  after  flexure 
s  +  va'.  Denote  the  modulus  of  elastic- 
ity by  E,  and  the  area  of  the  cross  sec- 
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tion  of  the  fiber  by  A :  the  force  on  the 
fiber  is, 

=(a-'g)EA 

s  +  va 

If  r  is  the  mean  radius  of  curvature  at 
the  cross  section,  ra=s,  which  substitute 
above.  Now  the  sum  of  the  moments  of 
the  forces  f,  above  and  below  nn,  must 
equal  the  moment  of  the  external  forces 
KE=M. 

The  term  2v2A=I= moment  of  inertia 
of  cross  section.  In  taking  the  above 
sum,  we  see  that  if  the  cross  section  is 
symmetrical  with  respect  to  nn,  that  for 
equal  values  of  v  above  and  below  nn, 
the  sum  of  the  two  moments 


Ev2JaA       EwMaA 
(r  +  v)a        (r—v)a 


2    Ezto2A 
ra    1     v2 

A»2 


V 


When  -,  is  very  small,  as  it  generally  is, 

it  may  be  neglected,  so  that  regarding  E 
and  r  as  constant  for  the  length  s,  we 
have 

m=4l??  .  .  .  (i) 


Aa= 


s 

-MLs 
El 


(2) 


10.  If  we  denote  by  ff  the  strain .  per 
unit  of  area  on  the  fiber,  most  distant 
from  nn,  whose  distance  from  nn  is  v' , 

f 
we  have  from  the  value  of  r, 

A 


/'= 


v'.JaJE       v'.JaJE 


(r  +  v)Aa  s      ' 

when  v  is  small  compared  to  r ;  so  that 
(1)  may  be  written, 


f 
M^SI 
v 


(3) 


It  will  be  well  for  the  reader  to  bear 
carefully  in  mind  the  approximations 
introduced. 

We  have  omitted  the  deformation  due 
to  T,  for  the  present.  In  the  solution 
given  in  Du  Bois'  Graphical  Statics,  this 
shortening  of  the  axis,  is  included  from 
the  beginning.  Its  influence,  however, 
is   generally  very   small.     We   shall  in- 


elude    its     effect    under    the    head    o 
temperature  strains. 

11.  It  may  be  observed  that  in  a 
curved  beam  the  neutral  axis  does  not 
exactly  coincide  with  the  center  of 
gravity  of  the  cross  section,  since  the 
elongations  per  unit  of  length  of  the 
fibers,  is  not  the  same  at  equal  distances 
either  side  of  the  real  neutral  axis, 
though  very  nearly  so  for  flat  arches. 
Assuming  nn  to  coincide  with  the 
centers  of  gravity  of  the  successive  cross 
sections,  we  find  the  strain  on  the  outer- 
most fibers  due  to  M  and  force  T  as 
follows : 

From  the  middle  of  s  draw  a  perpen- 
dicular to  nn  to  intersection  with  B,  and 
call  its  length  p.  Now  if  R  is  decom- 
posed into  components  N  and  T,  the 
former  produces  no  moment  about  the 
middle  of  s;  hence  M=Tp. 

Calling  A  the  area  of  the  cross  section 
and  g  its  radius  of  gyration,  I—g2A,  and 
(3)  may  be  written 

T^={>A  ■■■fJl  y 

The  force  T,  at  the  middle  of  s,  pro- 
duces a  uniform  strain  on  the  fibers  of 

T 

the  cross  section  there  =  7-?  so   that  the 

A 

total  strain  on  the  outermost  fiber  per 
unit  is, 

/;=gx±f ) . . . .  w 

12.  The  last  two  articles  are  only  of 
service  in  estimating  the  maximum  strain 
on  any  fiber  when  the  position  of  R  is 
known.  We  must  now  deduce  principles 
by  which  to  find  the  locus  of  the  result- 
ants on  all  the  cross  sections. 

The  angle  (a'—a)=Ja  {Fig.  3)  is  the 
change  of  inclination  of  the  tangents  at 
the  ends  of  the  arc  s  due  to  the  moment 
M  producing  flexure. 

In  Fig.  4  let  the  arc  abc  represent  the 
neutral  line  nn  of  Fig.  3.  Also  let  b, 
whose  co-ordinates  with  c  as  the  origin 
are  x  and  y,  be  the  center  of  a  portion  s 
of  the  neutral  line.  Let  A  a  for  this  por- 
tion =  angle  cbe.  At  c  draw  ce  J.  be  and 
ed  X  ac,  or  the  axis  of  x. 

Then  from  similarity  of  triangles 

cd     y  ,    ce 

— =f-  .-.  cd=1-y=y.Aa 

ce      be  bcu     * 
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The  angle  A  a  being  very  small  we 
have  replaced  its  tangent  by  the  arc 
itself. 

As  before  observed,  the  moment  M, 
at  the  middle  of  the  little  arc  considered, 
9,  being  small,  is  taken,  approximately, 
as  producing  the  same  change  A  a,  as  the 
real  moments  acting.  Again,  the  change 
A  a  is  made  up  of  the  numerous  little 
changes  occurring  at  each  little  element- 
ary portion  of  the  arc  5,  so  that  if  each 
portion  was  considered  as  above,  x  and 
y  would  have  values  above  and  below  the 
co-ordinates  of  the  middle  point  b.  We 
assume,  therefore,  that  if  M,  x  and  y  are 
taken  at  the  middle  point,  b  of  the  arc  s 
considered,  that  the  tme  horizontal  and 
vertical  displacements  of  c  are  given 
very  nearly  by  the  above  equations. 
Some  such  approximation  is  inseparable 
from  the  graphical  method.  Therefore 
divide  up  the  arc  abc  into  a  number  of 
parts,  deduce  the  horizontal  and  vertical 
displacements  for  each  portion  and  find 
their  sums,  2y.Aa,  2x.Aa. 

If  the  tangent  at  a  moves  through  a 
small  angle  /i,  we  have  de  due  to  it=£e/? 

=  «c./3;  the  horizontal  displacement  is 
yfi  —  o.  So  that,  calling  h  and  v  the  total 
horizontal  and  vertical  displacements  of 
the  left  end  of  the  arch,  we  have, 

h=2a(yAa)      ...     (5) 

«  =  2a(ajJa)+/?.oc      .      (6) 

It  is  believed  that  the  results  attained 
by  measuring  x  and  y  to  the  middle  of 
each  little  elementary  arc  are  more  nearly 


correct,  than  when  they  are  measured  to 
the  extremities  of  the  little  arcs. 

The  arc  may  be  divided  into  equal  or 
unequal  parts.  It  can  easily  be  divided 
into  equal  parts  by  the  dividers:  thus, 
dividing  abc  into  two  parts,  these  parts 
into  two  others  and  so  on.  The  result  is 
evidently  more  correct  the  greater  the 
number  of  divisions. 

13.  From  eq.  2,  we  find  Aa  for  one 
elementary  arc.  By  adding  the  values 
found  for  each  portion,  we  have  for  the 
total  change  of  the  inclination  of  the  tan- 
gent at  c  with  respect  to  the  tangent  at  a 


c  Ms 
2,(Aa)  =  2;    -== 

V        }  «  EI 


(7) 


Substituting  the  value  of  A  a  from  (2) 
in  (5)  and  (6),  we  have, 


a  EI 


v=2 


Mxs        _ 


EI 


+  fi.ac 


(8) 
(9) 


If  we  divide  the  neutral  line  abc  into 
equal  parts  s,  as  suggested,  s  may  be 
placed  before  the  sign  of  summation. 

We  must  now  find  M,  E,  I,  x  and  y,  for 
the  middle  of  each  part  and  sever  the 
separate  displacements  for  each  part 
between  the  limits  a  and  c,  as  in  fact, 
the  equations  indicate. 

We  shall  generally,  hereafter,  for  sim- 
plicity, suppose  E  and  I  constant,  so 
that  they  may  be  placed  before  the  sign 
of  summation. 

It  may  be  well  to  state  here,  that  if 
the  actual  moments  M,  acting  on  each 
division  of  the  arch,  are  known,  together 
with  E  and  I,  that  we  can  find  from  eqs. 
(8)  and  (9)  the  horizontal  and  vertical 
displacements  of  each  point  of  the  arch 
with   reference   to  a,  by  regarding   the 
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point  c,  the  origin  of  co-ordinates,  at 
each  point  in  turn,  and  effecting  the 
summation  from  a  to  c.  "We  can  thus 
compute,  and  lay  down  on  a  drawing, 
the  exact  form  assumed  by  the  neutral 
line  after  strain.  By  this  means  we  may 
predict  the  lowering  of  the  crown  or 
spreading  at  the  haunches,  which  last  in 
the  stone  arch,  is  generally  resisted 
partially  by  the  spandrels.  This  partial 
resistance,  however,  causes  a  new  curve 
of  pressures,  as  we  shall  see,  thus  chang- 
ing the  values  of  M,  so  that  it  does  not 
seem  possible  by  this  means  to  compute 
the  actual  resistances  of  the  spandrels. 

14.  From  the  last  three  equations  we 
obtain  the  conditions  necessary  to  locate 
the  positions  of  the  resultants  of  the 
external  forces  at  every  cross  section. 
Thus,  for  an  arch  whose  tangents  at  the 
abutments  are  fixed  in  direction,  span 
invariable  and  vertical  deflection  of  end 
zero,  i.e.,  for  an  arch  fixed  at  the  ends, 
then  eqs.  (7), (8)  and  (9),  and  /3,  are  each 
equal  to  zero. 

.-.   J2cM  =  o,  2cMy=o,  2cMx=o 

a  a  a 

15.  If  the  arch  is  fixed  in  direction  at 
a,  but  hinged  at  c,  so  that  the  tangent 
there  may  change,  we  have  /t=o,  v=o, 
p=o, 

.-.  ^My=o  2caMx=o 

the  origin  of  co-ordinates  being  at  the 
hinged  end. 

16.  If  the  arch  is  hinged  both  at  a 
and  c,  the  span  being  invariable, 

2My=o 

It  is  true  that  v  =  o  in  eq.  9,  but  since  /? 
now  has  some  value,  it  follows  that  2EM.X 
cannot  be  zero  as  before. 

17.  lastly,  if  the  arch  is  fixed  in 
direction  at  the  ends,  and  hinged  at  some 
intermediate  'point  b,  the  horizontal  and 
vertical  displacements  of  b,  for  the  part 
ab,  must  be  the  same  as  for  the  part  be, 
owing  to  the  connection.  So  that  we 
have  the  conditions, 

2a  Mx=2c  M.x,     2a  My=-2c  My. 

The  last  term  is  minus,  since  if  2My 
on  one  side  is  plus,  on  the  other  side  it 
is  minus,  to  cause  the  horizontal  dis- 
placement for  the  two  parts  to  be  in  op- 


posite directions.  From  the  reasoning 
of  art.  12,  we  see  that  the  origin  of  co- 
ordinates for  this  case  must  be  taken  at 
b,  y  vertical,  x  horizontal  as  before. 

18.  For  the  arch  "  fixed  at  the  ends  " 
we  may  take  the  origin  of  co-ordinates  at 
some  other  point  than  c,  as  o,  if  pre- 
ferred. 

For  we  have,  calling  cm=d,  and  om=d, 
the  old  co-ordinates  of  b,  x  and  y,  the 
new,  x'  and  y'l  x=d—xr,  y=d' —yf,  so 
that  (art.  14) 

2M.x=zIM{d-x')=dI'K-IM.x,=o 
IMy=d,IM-IMij,=o 
.-.  ZMx'=o,  ZMy'=o. 

Since  by  the  first  condition  ZM.=o. 
It  is  important  to  observe  that  x'  must 
change  sign  on  the  other  side  of  om  in 
the  summation.  Similarly  for  y'  if  o  is 
below  the  crown. 

If  we  are  using  a  trial  curve  of  press- 
ures for  which  I'M  is  not  zero,  we  must 
of  course  reckon  the  origin  at  c  to  find 
the  real  sums,  which  may  not  be  zero  if 
the  curve  is  not  located  properly. 

Similarly  for  an  arch,  with  one  or  more 
hinges,  the  origin  must  be  at  the  hinged 
point,  since  ZM.  is  not  zero,  &c. 

19.  If  in  any  case  the  arch  is  not 
hinged  on  the  neutral  line  abc,  but  at 
some  point  outside  of  it,  this  point  must 
be  taken  as  the  origin  of  co-ordinates, 
since  for  this  point  the  condition  that 
the  horizontal  and  vertical  displacements 
equal  zero  is  alone  true,  as  follows  from 
art.  12.  If  the  ends  of  the  arch  are  flat 
against  the  skewbacks,  but  not  bolted  to 
them,  the  bending  moment  at  the  abut- 
ment may  become  large  enough  to  lift 
one  edge  clear  of  the  abutment,  which 
presents  a  case  similar  to  the  above.  It 
is  plain  that  we  divide  up  the  neutral  line 
abc  into  equal  parts  as  before,  and  that 
we  must  now  attend  to  the  signs  of  x 
and  y,  if  any  of  the  values  are  minus. 
This  case  has  been  treated  by  Mr. 
Charles,  Pfeifer,  C.E.  (V.  N.'s  Mag. 
for  June,  1876),  though  the  use  of  his 
eqs.  (17)  and  (18)  involve  the  principle 
that  the  deflections  of  the  end  of  the 
centre  line  are  zero ;  whereas  the  true 
conditions  are  that  the  deflections  of  the 
hinged,  or  f ree-to-turn  point  are  zero. 
The  other  view  would  involve  our  taking 
x  and  y  about  c  in  Fig.  4,  in  place  of  the 
point    about   which    the    arch    rotates. 
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This  error  though  is  generally  very  small. 
In  DuBois'  Graphical  Statics,  p.  388, 
art.  22,  is  given  an  example  of  "Arch 
continuous  at  crown  and  hinged  at  ends 
of  lower  rib,"  the  formulae  deduced  for 
arches  hinged  in  the  neutral  line  at  the 
ends  being  supposed  to  apply,  which  is 
evidently  incorrect. 

20.  When  the  moment  of  inertia  and 
modulus  of  elasticity  vary  for  different 
parts  of  the  arch,  we  have  only  to  replace 


M 

M  in  arts.  14  et  sea.  by^,  when  the  above 

conditions  hold.  In  designing  an  arch, 
it  is  of  course  impossible  to  know  the 
values  of  I  beforehand,  so  that  some  sec- 
tion must  be  assumed  by  which  to  com- 
pute a  more  correct  one,  and  this  in  turn 
assumed,  and  so  on;  by  this  means 
approximating  to  the  true  result. 

21.  In  Fig.   5,  let  the  force  P  be  in 
equilibrium  with  the  forces  V,  and  F  at  c, 


and  V,  and  F  at  c2,  the  forces  F  being 
parallel.  The  resultant  of  V,  and  F  at  cx 
must  intersect  the  resultant  of  V2  an  F 
at  c2,  in  some  point  c3  of  P.  Lay  off  P 
on  the  load  line  on  the  left,  draw  Rx  and 
R2  parallel  respectively  to  cxc2  and  c2c3  to 
intersection  o.  Then  R,= resultant  of  V, 
and  F  at  cl?  and  R2= resultant  of  Y2  and 
F  at  c2.  Hence,  drawing  the  line  F 
through  ot  parallel  to  force  F,  we  see 
that  the  forces  at  c,  and  c2  must  have  the 
intensities  shown  by  the  sides  of  the 
triangles  of  the  force  diagram  on  the  left. 
Now  draw  a  line  kjc^  parallel  to  the 
direction  of  force  F,  also  draw  the 
lines  c,&,  and  cjc,t,  parallel  to  P.  It  will 
not  affect  equilibrium  to  add  two  equal 
opposed  forces  F  at  k},  also  at  k2  acting 
parallel  to  F,  all  of  them ;  but  since  the 
two  forces  that  act  towards  each  other 
now  balance,  the  effect  is  to  form  a 
couple  at  the  left  with  the  F  at  cx  and 
the  remaining  F  at  kx,  similarly  at  the 
right.  If  we  denote  the  angle  made  by 
F  with  a  line  perpendicular  to  P  by  a, 
we  have  the  moment  of  the  couple  at 
c^R  hxcv  cos  a=H.  kxcx  and.  at  c2, 
F.£2c2.  cosa=H.&2c2,  H  denoting  the 
pole -distance  of  force  polygon,  as  shown 
by  the  dotted  line  from  o.  I 


Now  since  our  system  of  forces  is 
balanced  at  each  apex,  kl9  cx,  c3,  c2,  &2,  on 
supposing  opposed  forces  Rl5  Ex  acting 
along  c^g,  and  R2,  R2  along  c3c2,  as  we 
see  by  reference  to  the  force  polygon,  if 
we  suppose  the  forces  removed  to  the 
right  of  the  same  line  ck,  eqilibrium  still 


holds  at  c3,  c 


and  kl9  so  that  the  sum  of 


the  moments  of  the  forces  there  about 
any  point  c  must  be  zero.  Suppose  the 
two  opposed  forces  El5  acting  along  c3  c3, 
removed,  we  have  left  P,  V,,  ccmple  FF, 
force  F  acting  to  the  right  at  kl9  and 
force  R2  on  cc3.  The  moment  of  this  last 
is  zero;  hence,  denoting  the  lever  arms 
of  Vj  and  P  about  c  by  x  and  d, 
we  have 

(Jlx-B..o1~kl-Pd)  =F.cl9~ 

cl  being  perpendicular  to  kjc2.  Draw  kc 
parallel  to  P;  then  from  similarity  of  a 
triangle  in  force  diagram  to  ckl,  we  have 

¥.cl=H..kc.  Now  if  we  had  a  structure, 
as  a  continuous  girder  acted  on  by  V,, 
couple  FF  and  P  to  the  left,  we  should 
call  the  term  (V^— H.c^"— P^)=MC, 
the  moment  of  the  external  forces  left  of 
the  section  taken;  whence, 

Mc=HTc 
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This  same  result  holds  to  the  left  of  P, 
the  term  Pa?  being  then  omitted.  If  c  is 
taken  below  the  closing  line  kjc^  as  we 
shall  call  it,  the  moment  of  F  is  of  an 
opposite  kind  to  the  first,  so  that 
Mc  changes  sign. 

We  see  from  the  foregoing  that  Jcl  cl  c3 
c2  &2  is  the  equilibrium  polygon  for  the 
forces  considered,  and  that  the  moment 
Mc  at  any  point  is  equal  to  the  pole  dis- 
tance H  multiplied  by  the  ordinate  kc 
of  the  equilibrium  polygon  to  the  closing 
line.  The  effect  of  an  end  moment 
is  thus  to  shift  the  closing  line 
at  the  end  an  amount  equal  to  the 
moment  divided  by  H.  If  the  forces  of 
the  end  couple  as  given,  do  not  coincide 
with  F  and  F,  we  can  replace  it  by  an- 
other couple  of  same  moment  whose 
forces  do  coincide  with  F  and  F  as 
drawn. 

If  there  are  a  number  of  forces  paral- 
lel to  P,  the  equilibrium  polygon  c  is 
formed  as  usual,  and  the  above  relation 
evidently  holds. 

22.  Let  us  now  conceive  axaa2  (Fig.  5) 
to  be  the  neutral  line  of  an  arch  rib  fixed 
at  the  ends  and  acted  on  by  a  single 
weight  P,  the  real  reactions  being  Rx  and 
R2,  acting  at  c1  and  c2,  respectively,  in 
the  directions  c1c3  and  c2c3.  If  we  de- 
compose each  reaction  into  horizontal 
and  vertical  components,  we  see  that  the 
former  alone  produce  the  end  moments 
which  cause  fixity ;  these  moments  being 

H.alc1  and  H.a2c2  respectively. 

In  case  that  the  arch  is  hinged  at  the 
end,  there  is  no  moment,  so  that  the  re- 
action must  then  pass  through  ax  ,a,A,  or 
both,  according  as  the  arch  is  hinged 
simply  at  al  or  at  a2,  or  at  both  of  these 
points.  Now  decompose  Rx  and  R2  at  cx 
and  c2  into  components  vx,  F  and  wa,  F. 

As   before,    let  us   apply  along  some 


line  kxk2,  parallel  to  the  direction  of  F, 
four  forces  F  acting  away  from  each 
other  at  kx  and  k2  as  shown  in  the  figure. 
This  does  not  disturb  equilibrium,  but  it 
has  the  effect  of  transferring  F  at  cx  and 
<?2  to  kx  and  k9,  and  of  adding  the  coup- 
lets ~K.kxcx  and  H.&2c2at  the  left  and  right 
abutments  respectively. 

Taking  moments  about  some  point  a 
of  the  arch  of  the  forces,  as  now  dis- 
posed, to  the  left  of  a,  we  have, 

M=(Vz-H.^-Pc/)-H.^y 


noting  that  the  moment  of  F  at  kx  about 
a=~K.ak.     Now  we   see   that   the   term 

(Vx— H.&  Cj— ~Pd)  is  the  moment  at  a  of 
a  girder  acted  upon  by  the  force  P,  with 
end  moments,  ~K.k1cl  and  H.&2c2  at  ax  and 
a2  respectively,  the  pole  distance  H  being 
the  same  as  the  actual  horizontal  thrust 
of  the  arch  /  and  that  kxcxc3cjc2  is  the 
equilibrium  polygon  for  such  a  girder, 

dbc,  so  that  the  term  above,  Mc=H.&c- 
Hence  we  find  the  bending  moment  at 
any  point  a  of  the  arch  to  be, 

M=H(c&-a&)=H.ac. 

Hence  the  actual  moment  at  any  point 
of  an  arch  is  equal  to  the  horizontal 
thrust  multiplied  by  the  vertical  distance 
from  the  equilibrium  polygon  c  to  the 
neutral  line  of  the  arch,  M  being  +  or  — , 

as  ck>ak,  or  <ak.  This  curve  cxc3c2  is 
the  locus  of  the  real  resultants  acting  at 
points  of  the  arch,  and  is  called  the 
pressure  curve.  It  is  evidently  irrespect- 
ive of  the  particular  position  of  kxk2,  and 

hence  of  the  end  moments  TL.k1c1  H.&2c2. 

'Remark. —  This  result  is  easily  proved  other- 
wise. In  fig.  3,  from  the  middle  point  of  arc  s, 
draw  vertical  and  horizontal  lines  to  intersection 
with  R  and  denote  their  lengths  by  v  and  h  ;  also 
draw  a  perpendicular  line  to  R,  and  call  its 
length  p.  If  the  hypothenuse  of  the  large 
right  triangle  formed  represents  R,  the  side  h 
will  represent  H.  From  similarity  of  triangles 
we  ha^e. 

==-   .'.   Hp=E.v,  as  stated, 
B.    p 

23.  Now  if  we  regard  the  neutral  line 
of  the  arch  itself  as  an  equilibrium  poly- 
gon, with  a  closing  line  kjc^,  due  to  some 
kind  of  loading  not  given,  having  a  pole 
distance  H  equal  to  the  actual  horizontal 

thrust  of  the  arch,  the  term  H.ak  in  the 
previous  equation  is  the  moment  of  the 
supposed  external  forces  at  a  and  may 
be  denoted  by  Ma>  so  that  the  previous 
equation  may  be  written, 

M=MC-Ma  ....     (10) 

This  equation  holds  on  the  supposition 
that  cx  and  c2  are  the  real  points  of  action 
of  the  resultants  at  left  and  right  abut- 
ments; but  there  are  no  restrictions  as 
to  the  position  of  kxk2  whatsoever.  We 
shall  presently  see  the  necessity  of  im- 
posing some.  Thus  for  the  arch  fixed  at 
the  ends,  we  have  (art.  14) 

^M=o,  2Mx=o,  2M.y=o (11) 
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Now  if  we  suppose  the  end  moments, 
H.ZV  and  H. /•„<*,  of  sufficient  intensity 
to  DZ  in  direction  the  tangents  to  the 
neutral  line  of  a  girder,  acted  upon  by 
the  same  loading  as  the  arch;  and  if  the 
vertical  deflection  of  one  end  above  the 
other  is  zero,  we  have,  since  Mc  is  the 
moment  for  such  a  girder, 

2Mc=o  Z^Icx=o    ....    (12) 

If  we  subtract  the  first  two  of  eqs.  (11) 
from  eqs.  (12),  we  have  as  a  necessary 
consequence  from  eq.  (10), 

2:^  =  0  2*teax=o (13) 

Now  we  shall  find  that  by  eqs.  (12), 
we  were  enabled  to  find  the  end  moments 
H.A-^.  H.Ay2,  without  knowing  H,  or  the 
position  of  the  closing  line.  We  shall 
further  find  that  eqs.  (13)  enable  us  to 
find  this  closing  line,  kjc2,  in  position. 
Lastly  from  the  condition, 

J2My=J2(Mc-Ma)y=o, 

we  will  be  enabled  to  find  H,  wrhence 
from  the  found  end  moments,  the  dis- 
tances A^c,,  &2c2,  may  be  ascertained  and 
laid  off  from  k%  and  &2,  thus  giving  us 
two  points  of  the  pressure  curve,  whence 
it  may  be  drawn,  with  the  known  value 
of  H. 

24.  It  is  true  that  wTe  may  determine 
some  other  closing  line  by  assuming, 

J2MC=A,  2Mcx=B 

whence  by  subtraction,  as  before,  we 
have  as  a  consequence, 

But  it  is  apparent  since  the  total 
bending  is  now  proportional  to  A  (see 
art.  13)  that  the  vertical  deflection  is  no 
longer  at  zero,  but  dependent  on  the 
value  assumed  for  A,  so  that  B  is  a  func- 
tion of  A  and  cannot  be  assumed  arbi- 
trarily. But  as  this  involves  a  computa- 
tion of  B,  the  steps  are  not  near  so 
simple,  as  when  we  assume  the  total 
bending  of  the  supposed  girder  zero, 
when  of  course  the  vertical  deflection  is 
so  likewise. 

25.  From  similar  considerations  of 
simplicity,  it  wall  be  assumed  that  when 
an  arch  is  hinged  at  any  point  or  points, 
that  the  supposed  girder  is  similarly 
hinged,  so  that  the  closing  line  kjc^  will 
pass  through  the   point  or  points   (not 


exceeding  two)  since  the  moment  there 
is  zero. 

The  solution  corresponding  to  Fig.  5 
comprehends  every  case,  the  closing  line 
changing  its  position  according  to  the 
conditions  of  the  case. 

Thus  for  the  cases  treated  in  arts. 
14-17,  the  formulae  there  given  for  the 
arch  hold. 

It  is  then  evident  that  whichever  of 
the  similar  conditions  apply  to  the  girder, 
apply  likewise  to  curve  a  regarded  as  an 
equilibrium  polygon  as  follows  from  the 
relations  expressed  by  eq.  10. 

2G.  We  have  hitherto,  for  simplicity, 
considered  but  one  weight  P  on  the  arch  ; 
but  since  for  any  number  of  weights  the 
two  straight  lines  cjs'  and  c'c^  are  simply 
changed  into  a  polygon  cc,  the  equilib- 
rium polygon  (art.  2)  due  to  the  weights 
alone,  the  result  holds  for  any  loading 
whatsoever.  The  above  demonstration 
is  essentially  the  same,  with  some  emen- 
dations, as  that  given  by  the  writer  in  Van 
Nostrand's  Magazine  for  June,  1878. 

27.  The  above  principle  was  first  stated 
by  Prof.  H.  T.  Eddy  in  the  January, 
1877,  No.  of  Van  Nostrand's  Magazine,  in 
these  words : 

"If  in  any  arch  that  equilibrium  poly- 
gon (due  to  the  weights)  be  constructed 
which  has  the  same  horizontal  thrust  as 
the  arch  actually  exerts;  and  if  its  clos- 
ing line  be  drawn  from  consideration  of 
the  conditions  imposed  by  the  supports, 
etc. ;  and  if,  furthermore,  the  curve  of 
the  arch  itself  be  regarded  as  another 
equilibrium  polygon  due  to  some  system 
of  loading  not  given,  and  its  closing  line 
be  also  found  from  the  same  considera- 
tions respecting  supports,  etc. ;  then  when 
these  two  polygons  are  placed  so  that  these 
closing  lines  coincide  and  their  areas  par 
tially  cover  each  other,  the  ordinates 
intercepted  between  these  two  polygons 
are  proportional  to  the  real  bending  mo- 
ments acting  in  the  arch." 

As  Prof.  Eddy  claims,  this  proposition 
supplies  the  hitherto  missing  link  in  the 
graphical  treatment  of  solid  or  braced 
arches. 

In  art.  34,  see  an  equally  general 
method,  which  does  not  involve  a  demon- 
stration of  this  proposition,  though 
identical  with  it  in  the  construction. 

ARCH    WITH    FIXED    ENDS. 

28.  Let  the  curve  aata  (Fig.  6)  which 
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Fig.  6 


may  be  of  any  kind,  be  the  neutral  line 
of  an  arch  rib.  Divide  it  into  equal 
parts  (8  in  the  figure),  and  at  the  middle 
of  these  parts  ax,  ati,  .  .  .  draw  vertical 
ordinates  y  to  the  axis  of  x,  aa.  The 
origin  may  be  taken  at  either  end  of  the 
span  in  this  case. 

Conceive  the  vertical  loads  to  be  ap- 
plied at  the  points  a1?  aa,  .  .  .  ,  of  the 
intensities  P1?  P2,  .  .  . 

Lay  off  these  loads  to  scale  on  the 
load  line  P^g,  choose  a  pole  o,  and 
beginning  at  some  point  v  in  the  vertical 
through  a  draw  vpe  ||  ray  VP8  (it  coin- 
cides with  it  in  the  Fig.)  thenpsp1  ||  ray 
P7P8,  etc.,  to  intersections  with  the  verti- 
cals through  ae,  «7,  etc.  From  the  last 
point  v\  so  found,  draw  a  closingl  ine  vv'; 
a  line  through  o  parallel  to  it  would  give 
the  reactions  of  the  arch  acting  as  a 
girder  with  no  end  moments,  since  vp5vf 
is  the  equilibrium  polygon  for  the  forces 
(art.  2).  It  will  conduce  to  brevity  to 
designate  the  curves  or  polygons  that 
are  marked  with  the  same  letter,  though 
different  subscripts,  by  that  letter;  thus, 
the  curve  aaxa^ .  .  .  asa  will  be  called  the 
curve  a;  similarly  we  have  the  polygons 
p  and  e. 

In  order  to  find  the  true  closing  line 
for  the  arch  acting  as  a  girder,  we  have 
the  conditions,  art.  23, 

2Mc=o,    2Mcx=o. 

Let  nn'  be  a  trial  closing  line,  then 


since  the  bending  moments  Mc  are  pro- 
portional to  the  ordinates  of  the  equilib- 
rium polygon,  nvpv'w,  the  first  condi- 
tion requires,  that  the  sum  of  the  vertical 
ordinates  through  pl9  .  .  ,  jt?6,  from  nn' 
downwards  to  £?p=sum  of  ordinates 
above  nn  to  polygon  pp.  It  is  easily 
seen  from  the  considerations  of  art.  4, 
that  the  bending  moments  are  of  differ- 
ent sign  when  the  ordinates  lie  on  oppo- 
site sides  of  the  closing  line. 

If  we  add  to  the  above  equality,  the 
sum  of  the  ordinates  intercepted  between 
vv\  the  line  nn',  and  the  part  of  the 
polygon  p  below  nn,  we  have  the  condi- 
tion that  the  sum  of  the  ordinates 
included  between  vu'  and  nn'  shall  equal 
the  sum  of  the  ordinates  from  vv'  to 
polygon  pp;  hence  if  we  denote  the 
ordinates  from  vv'  to  pp  and  nn'  respect- 
ively by  p  and  n,  and  the  ordinates 
between  nn  and  the  curve  pp  by  m,  we 
have, 

m=p— n 

The  second  condition,  ZMcx=o,  may 
be  written  Zmx=.Ipx—  Z?ix=o ;  which 
indicates  that  if  the  ordinates  p  and  n 
are  regarded  as  forces,  that  the  sum  of 
their  moments  about  an  abutment  are 
equal;  i.e.,  the  resultant  of  the  p's  coin- 
cides with  the  resultant  of  the  ris,  since 
Ipz=In,  from  the  conditions  Zm=o,  as 
proved  above. 

Therefore  find  the  resultant  R  of  the 
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ordinates  p  regarded  as  forces,  in  posi- 
tion, direction  and  magnitude.  Tins  may 
be  done  by  calculation,  or  the  graphical 
method  given  in  art  3  may  be  more  con- 
veniently employed.  In  the  Litter  ease 
we  have  only  to  lay  off  the  ordinates  p 
w;is  taken  as  more  convenient)  on  a 
vertical  line  18  precisely  as  we  did  1',,  1%, 
.  .  .  .,  choose  a  pole  o',  then  starting  at 
p^  say.  draw  the  equilibrium  polygon 
54321  as  usual  On  prolonging  the 
first  and  last  sides,  corresponding  to  vp6 
and  v'pt  of  the  first  polygon,  to  intersec- 
tion r,  a  vertical  through  this  point  will 
give  the  position  and  direction  of  R.  In 
magnitude,  R=2)),  as  taken  from  the 
force  line. 

'2\y  Now  draw  a  line  nv'  dividing  the 
ordinates  x  into  two  sets.  Lay  off  the 
half  of  the  ordinates  (through  each  point 
of  division  ax,  </2,  .  .  .)  intercepted  be- 
tween vv'  and  nv ,  as  forces  on  the  line 
8'...1',  and  similarly  find  their  resultant 
T  in  position.  Now  the  position  of  T  is 
not  changed  when  nn  is  changed,  whence 
nv'  is  revolved  about  v  through  some 
angle :  for  all  of  the  ordinates  in  the 
triangular  portion  vv'n  are  altered  in  the 
same  ratio,  as  is  shown  in  Geometry  (see 
Chauvenet's  Bk.  in,  Prop.  8). 

It  follows  that  T',  the  resultant  of  the 
half  ordinates  included  between  nv  and 
nn%  is  at  the  same  distance  from  v'  that 
T  is  from  v. 

The  problem  then  is  this,  having  R  in 
position,  &c,  and  T  and  T'  in  position 
onlv.  what  are  the  real  magnitudes  of  T 
and  T  '. 

Laying  off  r/=R,    draw   from   some 

point  11/*  and  1/.     Next  through  some 

point  r  on  R  draw  r't  and  r't'  to  t  and  P\ 

a  line  Is,  drawn  parallel  to  the  closing 

line  tt',  divides  rr'  into  segments  rs  and 
sr'  equal  to  T  and  T'  respectively.     Now 

if  the  load  line  81',  which  represents  the 
trial  T,  is  not  equal  to  rs,  we  must  re- 
duce the  length  vn  to  vm  in  the  ratio  of 

8'1'  to  rs,  for  then  each  ordinate  in  the 
triangle  vv'n  is  reduced  in  this  ratio,  so 

that  their  half  sum  will  now7  equal  rs. 
Similarly  the  half  sum  of  the  ordinates 
in  the  triangle  vv'n'  (which  can  be  taken 

by  dividers)  should  equal  rs,  if  n'  has 
been  accurately  located.     If  not  change 

v'n'  to  v'm'  in  ratio  of  rs  to  the  half  sum 


mentioned,  when  all  the  ordinates  in 
triangle  nv'n'  will  be  altered  in  this  ratio, 
and  hence  their  sum.  Now  the  s\un  of 
similar  ordinates  in  the  triangle  nv'tn',  is 
the  same  as  for  the  triangle  in  v'm',  tin- 
lengths  being  the  same  in  either  case  ; 
whence  nun'  is  the  true  closing  line  to 
satisfy  the  two  conditions  -Mc=oand 
l^lcx=o.  It  is  well  TO  test  the  first,  by 
adding  the  ordinates  to  mm'  from  curve 
/>,  and  see  whether  the  sum  of  those 
above  mm'  is  equal  to  the  sum  of  those 
below  the  same  line. 

30.  It  is  well  also  to  choose  the  poles 
</  and  o"  so  that  the  exterior  rays  will 
form  angles  of  nearly  90°  with  each 
other,  as  then  the  positions  of  r  and  t 
can  be  determined  more  accurately.  The 
ordinates  were  halved  for  the  force  lines 
simply  to  economize  space.  "When  the 
loading  is  symmetrical  with  respect  to 
the  crown  (as  for  a  uniform  load,  for 
example)  the  ordinates  of  the  polygon  p 
are  symmetrical  about  the  center  vertical, 
hence  the  closing  line  mm'  is  drawn  par- 
allel to  vv',  and  is  quickly  fixed  by  the 
condition  l~M.c=o  as  before.  The  other 
condition  ZMcx=o  holds  also;  in  fact 
the  requirement  that  mm'  be  parallel  to 
vv'  is  a  consequence  of  this  condition. 

31.  Let  us  next  fix  the  closing  line 
kfa  of  the  curve  a,  regarded  as  an  equi- 
librium polygon,  by  the  conditions, 
IMa  =  o,  ±"Max=o. 

The  resultant  of  the  ordinates  from 
the  span  line  aa  to  curve  a  passes 
through  the  crown  in  consequence  of  the 
symmetry  of  curve  a  about  the  crown, 
also  the  resultant  of  the  ordinates  from 
span  aa  to  kjc2  (see  art.  28),  since  then 
the  condition  ziilax=o  is  satisfied.  But 
the  latter  resultant  cannot  pass  through 
the  crown  unless  kje^  is  horizontal. 
Therefore  draw  a  trial  kk\  add,  by  the 
dividers,  the  ordinates  below  it  to  curve 
a,  also  those  above  it;  their  difference 
(if  any)  divided  by  the  number  of  ordin- 
ates (8  in  this  case)  will  give  the 
amount  to  raise  or  lower  kk  so  that  the 
conditions  2'Ma  =  c>,  is  satisfied. 

32.  We  have  now  the  condition 

2'bly=2(Me—Ma)y=o 
as  the  last  one  by  which  to  locate  the 
curve  c  in  its  true  position,  and  determ- 
ine .the  true  horizontal  thrust  of  the  arch. 
From  the  last  equation  we  have 

2(Mcy)  =  I(Mfly) 
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Now  Mc  is  proportional  to  the  ordi- 
nates  of  curve  p  from  its  closing  line  mm'; 
those  above  it  being  regarded  as  plus, 
say  those  below  it  minus.  Similarly  Ma 
is  proportional  to  the  ordinates  from  kk 
to  curve  a;  both  curves  being  supposed 
to  have  the  same  pole-distance.  Hence 
we  sum  the  above  products,  and  if  the 
equality  does  not  hold,  we  must  change 
the  pole-distance  of  curve  p  (which  was 
assumed  arbitrarily)  until  it  does  sub- 
sist. We  can  get  the  above  sums,  and 
their  ratio,  by  calculation,  by  scaling  off 
the  ordinates,  multiplying  y  by  its  cor- 
responding M,  &c,  but  the  graphical 
method  is  here  very  direct  and  even 
accurate.  • 


Fig.  7 


To  employ  it,  for  the  object  in  view, 
draw  a  line  yy'  (Fig.  7)  JLyg,  and  lay  off 
from  y  the  distances,  yl,  y2,  etc.,  equal 
to  the  ordinates  y  at  al?  a2,  etc.,  and 
draw  lines  ||  yg  through  1,  2,  etc. 

Next  on  a  line  ||  yg  lay  off  in  order  the 
ordinates  from  kk  to  curve  a.  We  have 
only  laid  off  the  ordinates  at  ax,  a2,  az,  a4, 
since  the  sum  2May  is  the  same  on  the 
other  side  of  the  crown.  Then  choosing 
a  pole  o,  and  starting  at  some  point  c  on 
yg,  draw  cl  ||  ray  cl,  12  ||  ray  12,  .  .  .  4a 
||  ray  4«  to  intersection  a  with  yg  /  also 
produce  32  to  intersection  b  with  yg  ; 
then  art.  7, 


2M.ay=2Wx(ab-bc)=2IL'.ac, 
on  making  bc'=bc. 

Again,  lay  off  on  a  line  ||  yg,  in  order, 
the  ordinates  proportional  to  Mc>  inter- 
cepted between  mm'  and  polygon  p. 
With  the  same  pole  distance  H'  choose  a 
pole  o'\  then  starting  at  g  on  yg  draw 
g\  ||  ray  gl,  etc.,  and  produce  the  sides 
32  and  67  to /"and  e,  respectively.  Then 
we  have, 

2%=H<6/-  (de  +fg)~]  =~H.\e7i, 

if  fh=de+fg,  since  TL'ef,  by  art.  7,  is 
the  sum  of  the  products  Mcy  for  the  or- 
dinates above  kk,  and  IL\de  +  fg)  ;  a  simi- 
lar sum  for  these  below.     Hence  laying- 

off  ac"=2ac  and  ae'=eh,  since  they  are 
not   equal,  we  must   diminish  the   pole 

CIS' 

distance  of   polygon  p  in  the  ratio  — >„ 

which  thus  has  the  effect  of  increasing 

the  ordinates  from  mm'  to  polygon  p  in 

etc" 
ratio  — f,  in  order  that  the  equality  above 

may  hold.  Thus,  to  find  the  true  pole 
distance,  we  lay  off  the  assumed  pole 
distance  from  o  to  the  line  PXP8  of  figure 
on  some  line  as  ar  figure  from  a  to  r. 

On  drawing  e's  \\  c"r,  the  distance  as  is 
the  true  pole  distance.  Hence  draw  a 
horizontal  line,  through  the  point  of  in- 
tersection of  the  line  drawn  through 
o  ||  mm'  with  PjPg  (Fig-  6),  a  distance  to 
o'"  equal  to  as  (Fig.  7).  The  reactions 
v  and  v'  are  the  same  as  before,  and  since 
our  actual  closing  line  ktk%  in  position  is 
horizontal,  the  left  figure  is  the  true  force 
polygon  corresponding  to  the  M/s.  Now 
by  art.  4,  we  have  to  elongate  the  ordi- 
nates from  polygon  p  to  mm    in  ratio 

ac" 

Thus  lay  off  the  ordinate  through 


ae 

p8  (Fig.  6),  from  a  to  8  (Fig.  7),  draw 
c'S'lle^  whence  ^8' is  the  true  length  of  this 
ordinate.  Lay  it  off  from  line  k  on  8th 
ordinate  downwards  to  c8. 

Similarly  for  the  other  ordinates  of 
polygon  p,  so  that  the  polygon  ccxc^ . . .  c9c 
may  be  located;  or,  if  preferred,  having 
found  one  point  as  c5  in  this  manner, 
polygon  c  may  be  drawn  by  means  of  the 
force  polygon  O'"— P. 

The  extremities  c  and  c  thus  found,  as 
well  as  other  points,  should  agree  with 
those  found  by  the  first  method. 

33.  Now  it  is  evident  that  the  polygon 
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c  of  Fig.  6,  is  identical  in  meaning  with 
polygon  c  of  Fig.  5,  as  well  as  the 
closing  line;  so  that  calling  the  pole-dis- 
tance from  0"'  H,  we  have  the  bending 
moment    at    any    point    a5    of    the    arch 

=H.a6c5,  etc. 

This  is  plain,  because  polygon  c  of 
Fig.  (J  satisfies  the  conditions  £Mo=o, 
l^Slcx=o,  and  polygon  a  the  conditions 
IM(1=T".  2Ma£=Oj  whence  by  subtrac- 
tion in  connection  with  eq.  10  (art.  22), 
we  have  SM=0  and  iM.i-o. 

Again  from  the  last  condition  above, 
we  have.  SM<5y-^2May=2M?/=o.  So 
that  all  the  conditions  given  in  art.  23, 
of  an  arch  fixed  at  the  ends,  are  fulfilled. 

It  is  well  to  test  the  ordinates  of  the 
type  ac,  to  see  if  the   three  conditions 

are  fulfilled.  Thus  the  sum  of  the  a&s 
above  curve  a,  should  equal  the  sum  of 
those  below.     The  sum  of  the  products 

Mia;  or  ac.x  above   and  below   curve   a 

should  be  equal;  similarly  for  ac.y,  &c. 
The  multiplications  can  be  easily  effected 
by  the  method  of  art.  32. 

Now  cc  is  the  true  pressure  curve  of 
the  arch;  i.e.,  the  reaction  at  the  left 
abutment  is  at  c,  and  equals  the  lower 
ray  (VPS)  through  O",  its  componenents 
being  V  and  H;  similarly  the  resultant 
(=ray  V'Pj  from  O"')  at  right  abutment 
acts  at  c,  its  components  being  V  and  H ; 
so  that  the  moments  at  these  points  are, 

H.ac,  the  distance  ac  being  different  at 
the  two  abutments  for  an  unsymmetrical 
load.  Moreover  we  see  that  the  curve  c 
is  found  by  combining  the  resultant  at  c, 
on  the  left,  say  with  the  force  P8,  acting 
through  the  vertical  at  a8 ;  this  resultant 
with  the  force  at  «,,  etc.;  so  that  the  rays 
of  the  force  polygon  0"'P  represent  the 
resultants  in  magnitude  at  the  middle 
(nearly)  of  the  corresponding  divisions. 
Thus,  ray  O"'— P5P6,  is  the  magnitude  of 
the  resultant,  acting  along  c5cc,  for  the 
middle  of  arc  a5a6,  &c. 

On  decomposing  this  resultant  into 
components,  parallel  and  perpendicular 
to  chord  a5a6,  we  have  the  tangential 
and  normal  components  T  and  N  of  the 
thrust  acting  at,  or  very  near,  the  middle 
of  the  division  a5aR;  whence  by  art.  11, 
the  greatest  stress  on  any  fiber  may  be 
found.  Similarly  for  the  other  divisions 
of  the  arc.  It  may  be  observed  that  in 
place  of  (Tp)  in  eq.  4  (art.  11)  we  may 


substitute  the  corresponding  (H.ac)  the  ac 
being  taken  at  the  middle  of  the  portion 
of  the  arc  considered.  We  take  the 
"middle,"  if  the  loading  is  continuous, 
for  the  resultants  given  pertain  to  that 
point  of  the  arc  where  the  load  is  sup- 
posed divided,  as  wo  see  by  analogy 
to  the  previous  treatment  of  the  Voussoir 
arch. 

34.  We  shall  now  give  a  second  gen- 
eral method  of  drawing  the  pressure  curve 
r.  fig.  6,  that  involves  only  the  proposi- 
tions of  Graphical  Statics  given  in  arts.  2 
3,  4  and  5  of  this  paper,  with  the  remark 
of  art.  22.  Let  c  fig.  6,  be  the  actual 
pressure  curve,  drawn  with  the  force  poly- 
gon CT^;  thus  satisfying  the  condi- 
tions, 2M=o,  2Ma;=o,  2JMy=o,  for  the 
arch  fixed  at  the  ends.  Now  if  we  draw 
a  trial  pressure  curve p  (which  maybe  sup- 
posed to  occupy  some  such  position  about 
the  arch  as  curve  c,  though  it  is  drawn 
below  for  the  sake  of  clearness  of  diagram) 
with  an  assumed  pole  O,  we  know  that  if 
this  pole  is  afterwards  changed  to  O"', 
that  the  ordinates  of  polygon/)  are  altered 
in  the  ratio  of  old  to  new  pole  distance. 
This  alteration,  we  shall  see,  is  determined 
entirely  from  the  condition  2My=o. 
Now  M  being  proportional  to  the  ordi- 
nates of  the  type  ac  (art.  22,  remark)  if 
we  denote  the  ordinates  from  some  line 
as  k}k2  to  curves  a  and  c  by  ka  and  kc 
respectively,  we  have  ac=kc—ka. 

It  is  seen  that  kc  and  ka  are  minus 
when  laid  off  below  kk,  since  then  ac  is 
plus,  when  c  is  above  a,  from  the  preced- 
ing equation,  and  minus  otherwise ;  which 
must  be  so,  the  moments  having  different 
signs  when  c  is  on  opposite  sides  of  curve 
a. 

We  have  therefore  2ac=2(kc—ka)  =  o 
and  Il(ac.x)  =  2(kc— ka)x— o.  Now  if 
for  simplicity  we  draw  kk,  as  in  art.  31,  so 
that  l'ka=o,  and  l\ka.x)  =  o,  it  follows 
that  2kc=o,  l(kc.x)=o,  also.  Now 
polygon  p  is  simply  polygon  c  out 
of  position  and  with  ordinates  all  altered 
in  the  same  ratio ;  so  that  we  must  deter- 
mine a  line  mm'  that  will  satisfy  the  con- 
ditions, I,mp=o,  x(mp.x)=o,  which  is 
readily  done,  as  shown  in  arts.  28  and  29. 
As  explained  above,  ordinates  on  opposite 
sides  of  mm'  or  kk  have  opposite  signs. 


280 


VAN  nostband's  engineering  magazine. 


Lastly  from  2~M.y=oi  we  have  2(ctc.y) 
=  l(kc—ka)y=o. 

.:   %{7cc.y)  =  2(7ca.y)  or  2(mp.y)=  I>(ka.y) 

from  which  condition  curve  c  is  drawn  as 
explained  in  art.  32,  the  alteration  of 
ordinates  not  affecting  the  conditions 
ZM.='o,    2Mx=o. 


c^ 


On  drawing  rays  P,P2,  P7P8  parallel  to 
thus  found, 


c„c0 


,  we  find  O'",  the 
new  pole,  or  better,  the  old  rays,  P^,, 
can  have  their  inclinations  altered  in  the 
same  ratio  as  the  lines  pxp#  etc.  This 
very  general  method  applies  to  arches 
with  hinges  also,  as  well  as  the  fixed 
arch. 


ON  A  NEW  PHENOMENON  OF  STATIC  ELECTRICITY. 

By  G.  GO  VI. 

From  Abstracts  of  Papers  published  by  Institution  of  Civil  Engineers. 


The  Author  refers  to  previous  experi- 
ments by  M.  Duter,  in  which  he  also 
operated  with  Leyden  jars  containing 
liquid.  Variations  of  volume  of  this 
liquid  were  observed  by  displacement  of 
the  liquid  in  a  capillary  tube  communi- 
cating with  the  interior  of  the  bottle. 
Disturbing  influences  of  temperature 
were  avoided  by  an  envelope  of  ice.  The 
Author  was  led  to  undertake  these  ex- 
periments by  the  well-known  phenome- 
non of  the  piercing  of  the  glass  sides  of 
jars  too  highly  charged.  The  first  trials 
were  made  with  water,  and  it  was  found 
that  the  water  sank  in  the  capillary  tube 
during  charging,  and  regained  its  level 
at  the  moment  of  discharge,  independ- 
ently of  the  kind  of  electricity  of  the 
charge.  This  result  appeared  favorable 
to  the  idea  that  the  sides  of  the  vessel 
dilated  under  electric  action;  but,  re- 
placing water ,  by  other  liquids,  it  was 
found  that  nitric  acid  contracted,  with 
equal  charges,  slightly  more  than  water, 
alcohol  much  more,  and  ether  behaved 
otherwise,  commencing  indefinitely  to 
rise  or  descend  in  the  capillary  tube  at 
the  moment  of  charge,  returning  at  dis- 
charge to  a  higher  than  its  initial  level. 
Olive  oil,  being  non-conducting,  gave  no 
appreciable  effect.  Evidently,  neither 
simple  deformation  of  the  receiver,  nor 
difference  in  conductivity  of  the  liquids, 
.suffice  to  explain  these  anomalies.  Mer- 
cury, under  the  same  circumstances, 
appears  not  to  contract.  This  experi- 
ment, irreconcilable  with  variation  of 
capacity  of  dielectric,  led  the  Author  to 
suppose  that  the  contractions  might  be 
explained  by  admitting  that  the  electri- 
fied conducting  liquids  are  condensed 
against  the  sides  of  the  vessel.  It  is 
generally  admitted  that  the  charge  of 
condensers  accumulates  entirely  on  the 


opposed  faces  of  the  dielectric,  but  the 
armatures  of  the  Franklin  square  are 
known  to  adhere  strongly  to  the  glass, 
and  that  after  removal  these  always  con- 
tain sensible  quantities  of  electricity.  It 
is  also  observed  that  when  a  feeble 
charge  is  given  to  a  condenser,  the  arm- 
atures alone  retain  it,  the  interposed 
dielectric  showing  nearly  no  traces. 

The  conducting  plates  of  a  condenser 
should  and  do  attract  each  other  across 
the  separating  non-conducting  matter. 
Hence  the  contractions  observed  may  be 
due  to  a  true  condensation  (increase  of 
density)  of  the  liquid  near  the  sides  of 
the  vessel.  Nitric  acid  being  a  better 
conductor  than  water,  if  not  more  com- 
pressible, should  condense  more;  and  al- 
chohol,  a  worse  conductor,  but  more  com- 
pressible, should  contract  more  than  the 
other  liquids.  Ether,  so  highly  compress- 
ible and  dilatable,  brings  into  play  another 
phenomenon,  .a  considerable  development 
of  heat  and  expansion  of  the  heated  strata 
which  masks  the  contraction,  and  gives 
rise  to  a  true  expansion  of  the  liquid. 
The  extremely  low  compressibility  of  mer- 
cury accords  with  the^absence  of  contrac- 
tion observed  with  this  metal.  The  Author 
proposes  to  test  his  conclusion  by  substi- 
tuting for  the  liquid  conductors  an  insu- 
lating liquid,  as  olive  oil,  contained  in  a 
bottle  the  interior  of  which  is  silvered, 
and  can  be  put  into  communication  with 
earth  or  an  electric  source.  Under  these 
conditions  the  movements  of  the  liquid 
would  no  longer  depend  on  the  modifica- 
tions of  the  receiver.  A  Leyden  jar, 
armed  onty  on  the  interior,  and  suspend- 
ed from  the  arm  of  a  balance  in  a  liquid 
conductor,  which  serves  as  external  arma- 
ture, should  increase  in  weight  during 
charge,  if  the  liquid  strata  are  really  con- 
densed against  its  sides. 
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A  WOODEN  HOWE  TRUSS  BRIDGE. 

Br  JOHN  W.  HILL,  If.  E. 
Written  for  Van  Nostrand's  Magazine. 


Several  months  since  the  writer  had 
occasion  to  estimate  the  strength  and 
strain  on  a  small  Wooden  Howe  truss 
bridge  on  the  line  of  one  of  the  railways 
running  out  of  Cincinnati,  and  believing 
that  the  data  obtained  will  be  of  interest 
to  engineers  the  following  extract  from 
the  report  to  the  company  is  therefore 
given.  The  extraordinary  lack  of  har- 
mony and  low  factor  of  safety  in  the  sever- 
al members  of  the  truss  exhibit  a  deplor- 
able and  dangerous  lack  of  knowledge 
upon  the  part  of  the  designer.  At  the 
same  time  all  the  bridges  on  the  line  of 
the  road  are  like  this  in  the  manner  in 
which  they  were  built,  i.e.  by  rule  of 
thumb ;  and  if  any  are  better,  it  is  due  to 
good  luck  and  not  intention.  The 
dimensions  were  obtained  from  the 
master  bridge  builder  of  the  road,  and 
are  no  doubt  correct. 

The  bridge  has  been  in  use  for  several 
years,  and  no  question  of  its  ability  to 
carry  the  usual  loads  was  raised,  until  the 
engineer  of  another  company  using  the 
bridge  had  his  attention  called  to  its 
apparent  weakness,  when  he,  emphati- 
cally (and  with  good  reason)  pronounced 
against  its  further  use  until  strengthened 
or  rebuilt.  The  company  owning  the 
bridge  then  set  several  bents  below  and 
shored  it  up  as  well  as  possible,  whilst 
waiting  on  the  new  bridge  of  iron  to 
take  its  place.  The  only  extenuating 
circumstance  in  this  case  is  that  the 
bridge  has  not  yielded  to  the  loads  that 
have  come  upon  it,  but  this  is  poor 
reason  for  the  continuance  in  use  of  per- 
haps fifty  other  bridges  in  all  probability 
no  better  than  this  one  on  the  line  of  the 
road. 

The  bridge  is  a  wooden  Howe  truss, 
single  span  of  88'  divided  into  eight 
panels  of  11'  each.  The  rise  from  top 
of  upper  chord  to  bottom  of  lower  chord 
is  22',  or  a  real  rise  measured  to  centers 
of  chords  of  21'. 

The  lower  chord  of  the  truss  consists 
of  four  parallel  lines  of  timber,  tico  lines 
of  stuff  6.5"  X 13",  and  two  lines  of  stuff 
5.5"  X 13. 

The  upper  chord  consists  of  four  par- 
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allel  lines  of  timber,  two  lines  6.5"  x  12", 
and  two  lines  5.5"  X  12". 

The  main  braces  are  in  pairs  each  of 
stuff  8"  X 10". 

The  counter  braces  are  single  each  of 
stuff  7.5"  X  7.5". 

The  tie  rods  are  in  pairs  and  of  these 
dimensions : 

First  panel  2"  diam.  Second  panel 
1.75"  diam.  Third  panel  1.625"  diam. 
Fourth  panel  1.5"  diam.  The  rods  are 
threaded  without  upsetting  the  ends. 
The  floor  beams  are  of  stuff  6"xl4",  21' 
long  spaced  2.6"  cen  to  cen.  The  string- 
ers are  each  of  stuff  10'xlO"  88' long. 

The  cross  ties  (sawed)  are  each  of 
stuff  4"x8"  9'  long  spaced  22"  cen  to 
cen. 

The  rails  are  taken  at  60  lbs.  per  yard, 
and  28'  between  joints. 

The  lateral  bracing  is  not  given,  and  I 
have  taken  the  diagonals  at  8"x8"  stuff, 
and  the  tie  rods  at  1"  diam. 

Assuming  both  tracks  of  the  bridge 
loaded,  the  center  truss,  which  is  of  same 
dimensions  as  side  truss,  will  carry  a 
load  equal  to  the  aggregate  load  on  side 
trusses,  and  if  both  tracks  be  uniformly 
loaded,  the  center  truss  will  carry  twice 
the  load  of  side  trusses :  and  with  equal 
strength  of  trusses  (which  I  understand 
as  the  case)  the  factor  of  safety  in  the 
center  truss  would  be  one-half  that  of 
either  side  truss. 

Independent  of  the  live  load  on  each 
track,  it  is  evident  that  the  center  truss 
sustains  one-half  the  total  dead-  load  of 
whole  bridge;  or  the  total  weight  of  a 
single  track  bridge  of  same  dimensions 
is  concentrated  on  this  truss,  hence  with 
only  one  track  loaded,  the  factor  of 
safety  of  the  center  truss  is  less  than  of 
the  corresponding  side  truss,  and  this  of 
itself  is  objectionable,  unless  the  factor  of 
safety  of  the  truss  with  dead  and  maxi- 
mum live  load  is  equal  to  or  in  excess  of 
good  practice. 

It  is  estimated  that  the  center  truss 
sustains 

Flr.st — Its  own  weight. 

Second — One-half   the   weight  of  two 
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floor  systems  of  equal  dimensions,  or  the 
weight  of  one  entire  floor  system. 

Third— One-half  the  weight  of  two 
systems  of  lateral  bracing,  or  the  entire 
weight  of  one  system  of  lateral  bracing. 

Fourth — One-half  the  live  load  upon 
either  track ;  and  if  both  tracks  be  uni- 
formly loaded,  then  the  center  truss  sus- 
tains the  total  load  on  one  track,  or  more 
correctly,  the  equivalent  of  this  load. 

I  have  estimated  the  weight  of  truss 
alone  as  follows: 

Lower  Chord. 
13x12x4x88x40 


2x144 

Upper  Chord. 
12x12x4x88x40 


=  7624.32  pds. 


=  7040.00  pds. 
2  x  144 

Main  Braces  [sixteen)  23.73'  long. 
8X10X16X23.73X40 


144 


=8436.49  pds. 


Counter  Braces  [eight)  23.73'  long. 

7.5x7.5x8x23.73x40 

-r-r-j =2966.06  pds. 

144  r 

First  Pair  of  Rods  23'  long. 
23  X  2  x  10.616  X  2=976.672  pds. 
Second  Pair  of  Rods  23'  long. 
23  X  2  x  8.128  X  2=747.776  pds. 

Third  Pair  of  Rods  23'  long. 
23x2x7.010x2=644.920  pds. 

Center  Pair  of  Rods  23'  long. 
23  X  2  x  5.972=274.712  pds. 

Angle  Plates,  Nuts  and  Washers 
3906.00  pds. 

Total  weight  of  truss  alone  32616.95  pds. 

I  have  estimated  the  weight  of  the 
floor  system  as  follows: 

Beams  17'  clear  space  between  trusses 
21'  extreme  length;  35  beams  sustained 
by  ceh.  truss. 

6x14x21x35x40    _,_.,_ 

zm =17150  pds. 

144  r 

Stringers  (2)  each  88'  long 

10x10x2x88x40 


144 


=4888.8  pds. 


Cross-ties  of  oak  (48)  each  track, 

4X8x9x48x45        0       , 

— — =4320  pds. 

144  l 


Bails,  two  lines,  60  pounds  per  yard, 

88x2x60  , 

=3540  pds. 

o 

Pish  plates,  six  pair 

6.5x2x2x6=156  pds. 

Bolts,  nuts,  washers  (fish  plates)  25.  pds. 

Spikes  48  x 4 x  .5=96.  pds. 

Total  weight  of  floor  system  30175.8  pds. 

I  have  estimated  the  weight  of  one 
system  of  lateral  bracing  as  follows : 

n.            _  8x8x20.25x16x40  '    P<j*- 
Diagonals ~— =5760. 

Bods  2.654  x  22' x  8=467.10  pds. 
Angle  plates,  nuts  and  washers  224  pds. 

Total  weight  of  lateral  bracing 

6451.10  pds. 

The  truss  is  of  uniform  (nearly)  sec- 
tion above  and  below  the  horizontal  axis, 
and  the  weight  has  been  equally  divided 
between  top  and  bottom  of  truss. 

The  weight  of  floor  system  has  been 
distributed  along  the  lower  chord,  and 
the  weight  of  lateral  bracing  along  the 
upper  chord. 

The  weight  from  truss  alone  along  the 
upper  and  lower  chords  is  for  each  panel 
point  2038.555  pds.,  and  at  the  ends  of 
chords  1019.227  pds.  The  weight  from 
floor  system  along  the  lower  chord  is  for 
each  panel  point  3771.975  pds.,  and  ends 
of  chord  1885.99  pds.  The  weight  of 
lateral  bracing  along  the  upper  chord  is 
806.39  pds.  for  each  panel  point,  and 
403.195  pds.  for  ends  of  chord. 

The  total  weight  of  truss,  floor  system 
and  lateral  bracing  is  69243.8  pds.,  of 
which  34621.9  pds.  are  sustained  by 
each  abutment. 

The  strains  ripon  the  rods,  main  braces 
and  chords  have  been  computed  as  fol- 
lows : 

w      ,,  -p,          4327.74x23.73      ,QQn„P 
Fourth  Brace  — =4890.36 


Third  Brace 


21 

12983.79x23.73 


21 


=  1467L07 


e         „         21638.75x23.73    0..K1  _c 
Second  Brace  — =24451.78 


First  Brace 


21 

30294.25x23.73 
21 


34232.50 


Horizontal  strain  at  center  of  chords. 
69243.85x88 


168 


=36270.6 
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a.  Rods. 

Third  Rods. 

Second  Rods. 

Firsl  Rods. 

Altutnu'iits. 

3038.556 

8088.555 

3088.555 

3088.558 

3088.555 

171.975 

! ;i .975 

:;7;i  .975 

m.975 

m.975 

:;s.;m5 

(88.555 

8Q38.555 

3088.555 

5810.580 

806.890 

806.890 

806.890 

806.890 

8655.  i ',  5 

855.475 

8655.475 

8655.475 

4837.7875 

4337.7875 

4:L>7. 7:175 

4837.7875 

3088.5550 

3088.5550 

3088.5650 

3088.5650 

3771.9750 

8771.9750 

8771.9750 

8771.9750 

3088.6550 
sou  8900 

3038.5550 

S0)5.:}«)00 

203S..V).-)0 
806.8900 

1013S.^675 

' 

3088.5550 

3088.5550 

30885550 

8771.9750 

8771.9750 
3088.6550 

806.3900 

3771.97.50 
3088.5650 

806.3900 

1*793.7425 

3038.6650 

2038.5550 

3771.9750 

3771.9750 
3038.5560 

27449.2175 

806.3900 
1019.2775 

403.1950 
1019.2775 
1885  9875 

34621.9000 

Above  strains  are  due  the  dead  load 
alone,  and  assuming  the  greatest  possi- 
ble load  to  two  36.  tons  locomotives, 
coupled    on   each    track,    or    in    round 


numbers  2000  pds.,  live  load  per  foot 
run,  then  the  strains  on  the  rods  and 
abutments  become  respectively, 


5810.53 
22000.00 

10138.2675 
33000.0000 

18793.7425 
55000.0000 

27449.2175 
77000.0000 

34621.90 
88000.00 

43138.2675 

73793.7425 

104449.2175 

122621.90 

27810.53 

The  strains  on  the  braces  become  re- 
spectively 

4890.36  +  (11000  x  1.13)  =17320.36 

14671.06  +  (33000  X  1.13)=51961.07 

24451.78  +  (55000  x  1.13)=86601.78 

34232.50  +  (77000  x  1.13)  =121242.50 

The  strains  at  centers  of  chords  be- 
come 

36270.6  +  (2000*88x88>=128461-l 

loo 

The  strains  on  the  lower  chord,  con- 
sidered as  a  beam,  is  for  uniformly  dis- 
tributed load  of  2000  pounds  per  foot, 
run  and  weight  of  panel,  length  of  floor 
system 

22000x3771.98  =1288.99 

The  safe  load  that  should  be  put  upon 
the  several  members  of  the  truss  have 
been  calculated  as  follows,  a  factor  of 
safety  of  six  being  taken  in  each  case: 


Cen.  rods  (F.S.  taken  at  60000  pds.) 
1.29x60000x2 


6 


=25800. 


Third  rods  {F.S.  taken  at  60000  ^x?5.) 

1.50X60000X2  =8()00ft 
6 

Second  rods  (F.S.  taken  at  60000  pds.) 
1.767x60000x2 


6 


=35340. 


First  rods  (FS.  taken  at  60000  2)ds.) 
2.65x60000x2 


0 


=47000. 


The  panel  length  of  lower  chord  con- 
sidered as  a  beam  load  uniformly  dis- 
tributed 

13ax24x500x2 

^ — ^ =61459.54 

11x6 

concentrated  at  cen.  of  panel  length 
6^=30727.27 
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The  upper  chord  considered  as  a  pillar 
with  squared  ends,  and  having  a  length 
equal  to  one  panel,  calculated  by  C. 
Shaler  Smith's  formula  for  wooden 
pillars 

5000 


1  + 


(11X12)1 
62 


X  .004=1703 


and 


1703x288, 
6 


81744 


The  upper  chord  is  composed  of  four 
parallel  timbers  of  an  average  width  of 
6"  and  depth  of  12",  and  it  is  proper  in 
my  opinion  to  estimate  the  strength  as 
that  of  four  pillars  of  similar  dimensions 
and  not  as  a  single  pillar  12"  x  24". 

The  lower  chord  considered  as  tie 
resisting  tensile  stress  alone  has  a  safe 
resistance  of 


312x4800 
6 


:249600. 


The  main  braces  by  C.  Shaler  Smith's 
formula  have  a  strength  of 


5000 


14 


and 


(23.5x12)* 
8^ 

837.5  Xl60_ 
6 


X  .004=837.5 


22333.33 


The    counter    braces     by    0.    Shaler 
Smith's  formula  have  a  strength  of 

5000 
(23.5  X~12)2X.  004=751.2 


1  + 


and 


7.52 
7.5x7.5x751.2 
6 


7042.5 


The  center  counter  is  subject  to  the 
greatest  strain,  and  would  be  that  of  the 
weight  on  the  drivers  of  a  locomotive 
when  on  the  third  panel  point;  assum- 
ing weight  on  drivers  44000  pds.,  the 
strain  on  center  counter  brace  becomes 


44000x3x22.73 


=186450 


8x21 

In  the  following  table  are  shown  the 
strains  that  should  not  be  exceeded  on 


Strength. 

Lower  chord  in  tendon 249600 . 

Lower  chord  as  a  beam % 61454 . 5 

Upper  chord. 81744. 

First  Brace 22333.3 

Second  Brace ^2333.3 

Third  Brace 22333.3 

Fourth  Brace 22333 .3 

First  rods 47000 . 

Second  rods 35340 . 

Third  rods 30U00. 

Fourth  rods 25800 

Cen.  Counter 7042.5 

the  several  members  of  the  truss.  The 
strains  due  to  weight  of  truss,  floor  sys- 
tem, and  lateral  bracing,  and  to  assumed 
live  load. 

Of  course  the  assumed  live  load  is 
greater  than  has  ever  come  upon  the 
bridge  at  one  and  the  same  time,  but  the 
construction  and  location  of  the  struct- 
ure is  such  that  it  might  come  upon  it, 
and  in  the  writer's  opinion,  the  truss 
should  be  calculated  to  carry  with  a 
factor  of  safety  of  six,  the  weight  of  two 
36  tons  engines  on  both  tracks  at  the 
same  time. 

It  seems  to  the  writer  that  it  would  be 
to  the  interest  of  Railway  Companies,  as 
well  as  to  the  traveling  public,  to  employ 
competent  engineers  to  design  their 
bridges,  rather  than  to  trust  the  ordin- 


Dead  Strain.  Live  Strain.  Max.  Strain.  Factor. 


36270.6 
3771.98 
36270.6 
•34232.2 
24451  8 
14671.1 

4890.4 
27449.2 
18783.7 
10138.3 

5810.5 


92190.5 
22000. 
92190.5 
870.0 

62150. 

37290. 

12430. 

77000. . 

55000. 

33000. 

22000 

18645. 


128461.1 
25771.98 

128461.1 

121242.5 
86601.8 
51961.1 
17320.4 

104449.2 
73783.7 
43138.3 
27810.5 
18645. 


12.00 
14.50* 

3.84 

1.104 

1.56 

2.58 

7.80 

2.70 

2.86 

4.20 

5.70 

2.28 


ary  bridge  carpenter  who  is  usually 
charged  with  the  design  and  construc- 
tion of  wooden  railway  bridges. 

That  many  railway  companies  do  em- 
ploy first  class  engineers  is  well  known, 
but  as  many  more  build  bridges  with  no 
regard  to  the  loads  to  be  carried,  or  the 
factors  of  safety  employed. 


Hondukas. — Honduras  is  going  in  for 
telegraphs.  ■  A  line  is  in  progress  from 
the  port  of  Trujell,  on  the  east  coast  to 
the  capital,  a  distance  of  350  miles.  The 
wire  and  other  materials  have  already 
been  sent  out  from  the  United  States. 
When  this  line  is  completed,  Honduras 
will  be  within  three  days  of  New  York, 
via  the  Havana  cable. 
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From  "The  Builder." 


The  engineer  who  has  newly  arrived  in 
India  has  barely  had  time  to  make  out 

the  moaning  of  all  that  meets  his  view, 
or  to  assess  his  prospects,  before  he  is 
placed  under  orders  for  some  inland 
destination.  The  glare  and  heat,  the 
peculiarities  of  life  occasioned  by  a 
despotic  form  of  government,  the  bewild- 
ering because  apparently  formless  struct- 
ure of  native  society,  and  the  manners 
and  customs  of  his  countrymen  estab- 
lished in  the  East,  give  a  novelty  which 
make  the  portals  of  India  romantic. 
The  new-comer  is,  however,  at  once 
impressed  with  the  greatly-enhanced 
cost  of  everything.  The  old  Indian 
practice  of  charging  rupees  for  shil- 
lings is  by  no  means  extinct.  Then 
the  rents  paid  for  their  houses  by  Euro- 
peans are  exorbitant.  The  young  engi- 
neer hears  of  an  amount  equal  to  the 
whole  of  his  salary  being  given  for 
a  very  ordinary  residence,  with  bare, 
whitewashed  walls,  unfurnished,  and 
built  of  very  coarse  materials.  So,  with  a 
very  well-defined  scale  of  salary,  and  tol- 
erably easily  guessed  prospects  of  pro- 
motion, it  is  a  matter  of  wonder  when  he 
himself  can  occupy  one  of  these  airy  man- 
sions at  such  a  heavy  rental.  Who, 
again,  he  ponders,  can  be  the  people  who 
purchase  the  wares  in  the  shops  at  prices 
which  would  make  his  own  bag  of  rupees, 
now  so  heavy  that  he  can  hardly  carry  it 
in  the  hand,  disappear  before  ordinary 
wants  could  be  supplied?  How  can 
Europeans  do  any  work  after  seven  a.  m. 
and  before  five  p.  m.  out  of  doors,  when 
none  of  the  Presidency  folk  stir  during 
the  intervening  hours,  except  in  covered 
carriages  ?  Questions  like  these  crowd 
on  the  mind.  But  as  a  matter  of  fact  the 
state  of  British  society  at  the  Presidency 
towns  is  readily  explained.  It  is  the 
oldest  and  best-paid  officials  who  as  a 
rule  live  there,  and  their  salaries  range 
from  £1,400  to  £4,000  a  year.  The  rate 
of  remuneration  is  calculated  to  com- 
pensate for  the  expense  of  living,  and 
they  can  afford  to  pay  rupees  for  shillings. 
The  principal  Indian  shops  depend 
immensely  on  the  up-country  orders  they 
receive.    There  are  civil  servants  through- 


out India  receiving,  in  considerable  num- 
bers, incomes  between  £1,000  and  £2.000 
a  year  ;  a  few  military  staff  officers  are 
about  as  well  oft* :  and  the  expenditure  by 
the  numerous  military  messes  gives  rise 
to  a  brisk  trade  in  domestic  stores.  The 
Presidency  firms  likewise  act  as  depots 
and  agencies  for  other  shops  in  the  inte- 
rior. The  work  to  be  performed  at  the 
Presidencies  is,  moreover,  literay,  and 
contemplative,  and  not  of  the  kind  calling 
for  exertion  in  the  sun,  which  accounts 
for  the  use  of  vehicles  and  the  short  time 
daily  which  Europeans  are  to  be  seen  mov- 
ing about.  There  is  little  or  nothing  in 
the  appearance  of  the  Presidency  engi- 
neering offices  of  control  to  indicate  the 
nature  of  the  work  done  in  the  country 
generally.  The  heads  of  the  departments, 
seem  overwhelmed  and  have  scarcely  time 
for  any  but  the  briefest  conversation,  while 
there  are  rooms,  packed  with  clerks,  seem- 
ingly abstracted  in  thought,  absorbed  in 
writing,  or  hurrying  to  ask  for  instructions. 
It  would,  however,  be  perplexing  to  fol- 
low an  engineer  to  the  out-districts,  with- 
out some  idea  of  the  main-springs  which 
set  the  secretarial  machinery  going  on  its 
assiduous  course,  and  the  plan  on  which 
works  are  executed.  The  Indian  Public 
Works  Department  took  its  rise  in  the 
provision  of  barrack  accommodation  for  the 
European  troops,  and  in  the  necessity  for 
military  roads  to  connect  distant  stations 
together.  As  long  as  the  country  is  held 
by  British  garrisons,  this  work  has  to  be 
attended  to,  and  furnishes  an  amount  of 
employment  that  is  of  a  steady  nature; 
for  when  barracks  are  built  they  have  to 
be  kept  in  good  repair,  and  when  roads 
are  constructed  they  must  be  maintained. 
Of  late  years  railways  have  superseded 
roads  along  the  main  lines  of  traffic,  and 
though  the  chief  railroads  are  not  direct 
ly  worked  by  the  state,  the  statistics  are 
compiled  by,  and  the  audit  of  the  ac- 
counts rests  with,  the  Public  Works 
Offices.  Hence  a  great  deal  of  engineer- 
ing routine  has  to  be  disposed  of  in  In- 
dia, as  in  other  countries  where  roads 
and  railways  are  among  the  defences  of 
the  empire.  But  the  East  India  Compa- 
ny was  a  trading  corporation,  and  the  ele- 
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ment  of  speculation  entered  largely  into 
their  system  of  public  works.  The  agri- 
culture of  the  natives  is  carried  on  main- 
ly by  cottiers,  working  upon  borrowed 
capital,  and  not  by  substantial  farmers,  so 
thatraisnga  crop  with  the  least  expendi- 
ture of  labor  and  manure  is  essential  to  the 
ability  of  such  cultivators  to  pay  a  high 
land-tax.  In  the  south  of  India  rice  is  a  crop 
which  meets  this  obligation.  By  turn- 
ing the  silt-laden  river-waters  on  to  the 
flat  lands  of  the  deltas,  or  by  impounding 
the  wash  of  the  rains  in  tank  reservoirs, 
for  the  saturation  of  low-lying  patches  in 
the  valleys,  a  rice  crop  is  raised  with  the 
very  minimum  of  trouble  and  outlay. 
Land  thus  irrigated  can  afford  to  pay  5 
rupees  an  acre,  against  the  1  rupee  or  2 
rupees  which  the  people  can  pay  who 
have  to  till  and  manure  their  acres  to 
get  a  crop ;  in  consequence  there  has 
been  an  increasing  official  effort  to  lay 
additional  land  under  rice  cultivation. 
No  Government  ever,  it  has  been  urged, 
had  such  facilities  of  increasing  its  reve- 
nue as  the  Indian,  able  to  get  two  or  three 
times  the  rental  from  irrigated  as  from 
ordinary  cultivated  land;  but,  like  all 
other  schemes  offering  unlimited  profit, 
with  comparatively  small  o*itlay,  it  will  be 
found  that  the  increase  of  revenue  from 
the  irrigation  of  rice  is  only  obtained  by 
the  depression  of  the  other  branches  of 
agriculture,  which  are  better  worth  en- 
couragement. So  much  is  this  felt  to  be 
the  case  that  irrigation  works  are  not  now 
permitted  to  be  termed  agricultural. 
But  a  very  large  part  of  the  duty  of  the 
Government  engineers  is  connected  with 
the  state-protected  growth  of  rice  and 
other  irrigated  produce.  Another  pecu- 
liarity ofl  ndian  public  works  is  their  al- 
most exclusive  dependence  upon  the  budg- 
et of  the  year.  There  is  no  certainty 
that  a  work  once  begun  will  be  carried 
through.  Provision  is  made  year  by 
year,  and  no  arrangements  lasting  beyond 
twelve  months  can  be  definitely  as- 
sured. This  introduces  a  curious  hesita- 
tion into  the  Department,  gives  rise  to 
constant  reorganizations  in  the  different 
establishments,  and  a  fluctuation  in  aims 
and  operations  that  is  to  be  seen  in  no 
other  Indian  department.  As  a  matter 
of  fact,  Indian  public  works  are  a  much 
simpler  matter  to  consider  than  is  usual- 
ly supposed.  It  may  startle  some,  but 
the   fact  is  that  very  few   large   works 


have  ever  been  undertaken  by  the  Public 
Works  Agency  prior  to  the  very  recently- 
constructed  State  railways.  This  is 
easily  seen  by  the  trifling  number  of  en- 
gineers who  have  received  any  public 
decoration  for  the  works  with  which  they 
have  been  connected.  There  are  only 
two  or  three  names  that  rise  to  recollec- 
tion. 

The  large  works  of  India  are  , — 1.  The 
Grand  Trunk  Boad,  from  Calcutta  to 
Peshawur,  which,  however,  was  opened 
up  in  sections,  under  several  officers,  and 
even  distinct  local  administrations.  2. 
The  Godavery  weir  and  canals,  as  well 
as  the  weirs  and  canals  in  the  Tanjore 
and  Kistnah  districts,  for  which  Sir 
Arthur  Cotton  has  received  the  principal 
credit.  3.  The  Ganges  canal  planned  by 
Sir  Proby  Cantley.  4  The  lighthouses 
on  various  reefs,  such  as  at  Alquada,  on 
the  coast  of  Burmah.  The  engineers 
who  have  taken  part  in  these  construct-" 
ions  are  the  persons  who,  either  at  pres- 
ent or  till  lately,  have  held  the  leading 
situations  in  the  Public  Works  Depart- 
ment. It  is  not  that  a  variety  of  useful 
works  have  not  been  carried  out  in  India 
reflecting  credit  on  a  considerable  num- 
ber of  engineers,  but  that  the  above  are 
the  only  really  large  works  which  have 
been  calculated  to  confer  fame.  The  few 
extensive  works  enumerated  were  quick- 
ly superseded  in  importance  by  the  guar- 
anteed railways,  which  do  not  belong  to 
the  class  of  works  executed  by  Govern- 
ment agency,  but  quite  take  the  wind  out 
of  the  sails  of  the  Public  Works  Depart- 
m  ent.  They  have  been  made  a  mere  matter 
of  business  under  London  Boards,  and 
are  not  thought  of  when  Indian  Public 
Works  are  the  topics  of  discussion.  The 
engineer,  before  landing,  has  heard  so 
much  of  the  requirements  of  India,  and 
the  large  sums  spent  annually,  that  his  ex- 
pectations are  raised  to  a  pitch  that  the 
actual  operations  of  the  Department,  as 
seen  on  arrival,  are  likely  to  disappoint. 
Of  course  it  must  be  so  when  there  are 
no  works  of  any  magnitude  in  course  of 
construction  by  the  Department  of  Pub- 
lic Works,  and  grants  are  limited  by  the 
budget  of  the  pasing  year.  Before  en- 
tering further  into  the  nature  of  Indian 
public  works  ,it  is  advisable  to  take  a  look 
at  the  interior  of  British  India.  There 
is  a  great  sameness  all  over  the  country. 
The  stations  containing  Europeans  are  of 
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two  classes  ;  those  which  are  cantonments 
for  troops,  the  rest,  which  contain  only  civil 
officials.  Bach  district  contains  one  or 
more  of  these  European  positions,  forming 
usually  the  headquarters  of  the  senior  en- 
Military    cantonments   are    of 

ferent  sizes.  The  largest  contains  a 
I  and  his  stuff.  a  military  magis- 
trate, the  regimental  messes,  a  club  of  some 
sort,  a  Freemasons'  lodge,  some  simps, 
and  a  few  pensioned  warrant-officers  and 
soldiers.  What  distinguishes  the  occupa- 
tion ot  the  military  and  civil  servants. 
and  imparts  their  distinguishing  bents. 
is  that  the  duties  of  the  former  are  ex- 
clusively  confined  to   the  limits  of  the 

tion.  There  is  a  sort  of  tie  between 
the  military  residents  and  the  native  pop- 
ulation of  the  districts.  Every  locality 
beyond  the  station  boundary  ranks  as 
the  Jungle.  Their  associations  are  pe- 
culiarly English,  and  after  the  morning 
parade  of  the  troops,  the  chief  consider- 
ation is  a  proper  style  of  dress,  a  smart 
social  code,  paying  and  receiving  visits, 
and  the  evening  promenade  and  dinner. 
Shooting  parties  are  now  rare,  traveling 
is  mostly  confined  to  railway  journeys, 
and  leave  is  taken  either  to  a  hill  sani- 
tarium or  to  England.  Conversation 
hardly  turns  upon  Indian  matters,  as 
what  affects  the  native  population  is  not 
brought  home  in  any  way  to  the  mem- 
bers of  regiments  or  the  staff,  Indian  pol- 
itics run  so  much  now-a-days  on  frontier 
questions,  and  the  European  army  has 
nothing  to  do  with  the  affairs  of  the  im- 
mediate neighbourhood  of  the  inland  sta- 
tions. The  civil  servants  live  close  to 
the  cantonment  where  there  is  one,  hav- 
ing very  often  a  large  native  town  in 
close  contiguity,  which  furnishes  a  fer- 
tile group  of  police  cases,  and  is  common- 
ly a  hot-bed  of  litigation.  The  senior 
civil  officials  are  much  tied  down  to  head- 
quarters, and  form  an  integral  portion  of 
the  society  of  the  station ;  so  that  it  is 
only  the  junior  officials  in  civil  employ 
who  move  much  about,  and  see  the  na- 
tives in  their  own  villages.    In  the  smaller 

tions  where  there  are  no  military 
forces,  the  European  community  consists 
of  the  district  judge,  the  collector  of  rev-* 
enue,  the  joint  magistrate,  the  assistant 
collector,  the  chaplain,  the  doctor,  the 
officer  of  police,  and  the  executive  engi- 
neer. In  this  case,  moving  about  the 
country    is    a   relief    from  the    tedium 


of    everyday    existence,    and     a    society 

entirely  composed  of  hard-working  pre- 
occupied men  and  their  families.  Native 
opinion  is  more  noticed,  the  contact  with 
natives  is  closer,  and  their  doings  are 
objects  of  curiosity  and  interest.  Punc- 
tilio is  of  less  moment,  and  habits  of  sim- 
plicity are  encouraged.  Altogether,  Brit- 
ish influence  of  the  soundest  type  is 
wielded  from  these  small  stations,  and 
they  are  free  from  the  scoundrels  and 
riff-raff  who  collect  round  the  bazaars 
where  there  are  troops.  The  engineer, 
after  joining  at  head-quarters,  rapidly 
finds  that  the  Public  Works  Department 
consists  of  but  two  classes — secretaries 
and  overlookers.  This  is,  perhaps,  most 
noticeable  on  wmat  are  termed  the  ordi- 
nary public  works.  The  State  railways 
form  a  separate  category,  and  as  they  are 
the  only  works  of  any  size  entered  upon, 
with  the  determination  to  carry  them  to 
completion  at  a  regular  pace,  may  be  con- 
sidered as  lying  out-side  the  domain  of 
public  works  proper.  The  latter  con- 
sists of  the  roads,  bridges,  barracks,  pub- 
lic edifices,  harbors,  drainage,  naviga- 
tion, and  irrigation  canals.  There  are 
scarcely  any  positions  in  which  an 
engineer  is  exclusively  engaged  in  de- 
signing works  to  be  carried  out  by  con- 
tractors. The  engineer  who  plans  is  at 
the  same  time  called  upon  to  manage  the 
financial  details  of  construction,  to  hire, 
control,  and  pay  the  labor.  There  are 
no  means  of  advancing  an  efficient  engi- 
neer except  by  making  him  into  a  secre- 
tary. The  reason  of  this  is  that  there 
are  no  large  works  on  which  the  services 
of  an  engineer  are  required  for  the  mere 
preparation  of  the  designs,  and  advice 
during  construction.  India  is  divided 
off  into  a  dozen  different  provincial  ad- 
ministrations, each  presenting  a  Public 
Works  budget.  Certain  sums  are  sanc- 
tioned annually  for  each  province  accord- 
ing to  its  revenue  and  extent,  and  then 
the  Local  Public  Works  secretaries  de- 
cide how  these  grants  will  be  spent.  The 
provinces  are  divided  off  themselves  again 
into  civil  districts,  under  collectors  of 
revenue,  and  to  each  district  an  exe- 
cutive engineer,  with  probably  one  or 
more  assistant  engineers,  is  posted.  The 
districts  have  their  annual  allotment  out 
of  the  budget.  The  exact  manner  in 
which  these  allotments  are  to  be  utilized 
is  a  very  complicated  matter  of  arrange- 
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ment,  giving  rise  to  a  great  deal  of  secre- 
tary's work.  But  when  once  made,  the 
actual  expenditure  is  closely  watched  by 
a  series  of  elaborate  checks.  The  exec- 
utive engineer  is  permitted  the  very 
smallest  amount  of  discretion,  and  has  to 
refer  for  constant  instructions  to  his  sec- 
retary's office.  It  is  a  sine  qua  non  that 
the  budget  grant  be  expended  within  the 
year,  otherwise  when  a  per-centage  is 
struck  of  how  the  charges  for  salaries 
compare  with  the  outlay  upon  works,  and 
a  heavy  lapse,  as  it  is  termed,  has  raised 
this,  there  is  a  discussion  as  to  a  reduc- 
tion of  the  number  of  engineers  by  trans- 
fer to  a  distance.  The  civil  districts  are 
subdivided  in  their  turn,  and  of  one  of  the 
subdivisions  a  newly-arrived  engineer  usu- 
ally assumes  charge.  Upon  coming  out 
to  India  he  perhaps  expected  to  join  some 
large  work  in  progress,  where  there  was 
a  call  for  professional  science,  heavy  cal- 
culations to  make  in  office,  elaborate 
plans  to  be  drawn,  and  lines  of  section  to 
be  leveled  and  laid  down  on  the  ground. 
Instead  of  this,  he  takes  up  his  quarters 
at  some  native  town  in  the  center  of  his 
subdivision,  and  is  immersed  in  the  ex- 
penditure of  numerous  petty  grants  upon 
road  repairs,  revenue  buildings,  and  rural 
irrigation  works.  Possibly  there  is  a 
small  police-station,  court,  or  school  house 
to  be  built.  To  aid  these  are  a  swarm  of 
low-paid  natives  of  inferior  caste,  and  one 
or  two  native  clerks  experienced  in  the 
voluminous  accounts  of  the  Department. 
The  system  gone  upon  evidently  is  that 
no  one  except  a  European  is  capable  of 
being  trusted  with  money.  Consequent- 
ly great  stress  is  laid  on  the  engineer 
making  payments  with  his  own  hands,  it 
being  presumed  that  native  palms  are  so 
sticky  that  much  of  the  public  works 
money  would  never  reach  the  actual  la- 
borers, unless  disbursed  by  a  European 
or  under  his  close  check.  It  has  to  be  re- 
marked however,  that  the  Public  Works 
is  the  only  department  in  which  native 
agency  is  completely  distrusted,  as  the  col- 
lectors of  revenue  do  all  their  business  by 
judiciously  distributing  it  to  native  coadju- 
tors of  various  degrees.  The  engineer  sta- 
tioned in  the  district  compiles,  at  stated 
times,  his  estimates  for  all  kinds  of  works 
proposed  for  the  year,  and  submits  them 
for  sanction.  It  is  a  cardinal  and  excel- 
lent principle  of  the  Department  that  no 
outlay  of  money  can  take  place   except 


upon  sanctioned  estimates.  The  prepa- 
ration of  these  documents,  however,  is  a 
formidable  matter  in  some  cases,  when 
minute  details  are  demanded  for  works 
of  a  simple  kind,  and  in  every  item  hav- 
ing to  be  entered  on  paper  before  it  can  be 
reduced  to  accomplishment.  The  small- 
est deviation  from  programme  has  to  be 
explained  by  letter.  So  that  there  is 
probably  no  country  in  the  world  in  which 
the  simplest  piece  of  work  gives  rise  to  so 
much  wielding  of  the  pen  and  use  of  ink 
as  India.  There  are  several  things  which 
combine  to  enhance  this  peculiarity.  It 
takes  four  natives  at  least  to  perform  the 
same  task  as  one  European  laborer  or  ar- 
tisan, so  that  ledger  accounts  of  wages 
have  necessarily  quadrupled  the  number 
of  entries  and  bulk  of  English  contract- 
ors' accounts.  Then  there  is  the  custom 
of  a  monthly  settlement  of  claims,  which 
is  universal  throughout  India.  Most  of 
an  engineer's  returns  are  monthly,  so 
that  here  again  clerical  accumulations  are 
bulky  compared  with  quarterly  returns. 
Another  reason  for  so  much  writing  being 
resorted  to  in  India  is  referable  to  the  cli 
mate.  It  is  impossible  to  be  out  of  doors 
for  pleasure  between  the  hours  of  nine 
a.  m.  and  four  p.  m.  The  sun  is  too 
powerful,  and  produces  highly  unpleas- 
ant sensations  in  those  exposed  to  it  be- 
tween those  hours.  It  is  the  case,  speak 
ing  generally,  that  throughout  the  year 
every  one  who  possibly  can  stays  indoors 
between  the  forenoon  and  afternoon 
hours.  "What,  then,  is  to  be  done  to  fill 
up  this  space  of  time  with  anything  re- 
sembling engineering  work  1  Receiving* 
and  answering  a  shoal  of  letters  exactly 
fills  the  vacuum,  so  that  the  table  of  every 
Indian  official  is  crowded  with  posted 
envelopes  every  morning,  according' to 
the  extent  of  his  jurisdiction.  If  these 
did  not  come  in  he  would  have  the  ob- 
noxious sensation  of  having  no  ready-cut 
out  day's  work  to  perform.  Concede  cer- 
tain powers  to  assistant  engineers,  and 
certain '  higher  powers  to  engineers  of 
districts,  and  there  would  be  few  refer- 
ences to  the  secretary ;  but  abridge  such 
concessions,  and  a  deluge  of  correspond- 
ence invades  the  secretariat,  because  it 
has  to  be  recollected  that  the  sums  of 
money  spent  on  individual  works  are 
really  in  themselves  very  moderat  •,  and 
the  works  now  undertaken  are  of  inconsid 
erable  magnitude,  and  scattered  over  an 
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immense  area.  There  is  little  a  person 
of  ordinary  experience  cannot  decide  on 
Hie  spot  without  asking  for  a  farther  opin- 
ion; but  under  centralised  Governmenl 
the  chain  has  to  be  pulled  through  every 
link  before  effective  work  can  be  com- 
menced. 

It  is  rare  in  India  for  an  engineer  of 
any  class  to  be  put  in  charge  of  a  single 
work  oapaple  of  occupying  his  entire 
energies,  such  as  a  line  of  road,  a  bridge, 
or  a  line  building.  He  must  take  up  a 
charge  of  a  certain  extent  in  square  miles, 
and  do  the  best  he  can  for  any  work  that 
chances  to  fall  within  those  limits.  By 
it  good  luck  there  may  be  some  sort 
of  house  in  the  locality  he  can  rent  from 
Government ;  otherwise  the  engineer  has 
to  reside  ih  a  tent,  and,  when  moving 
about,  lodge  anywhere  he  can,  in  tool 
sheds  or  native  buildings.  A  diary  of  all 
inspection  excursions  is  kept,  and  sent 
monthly  to  the  local  secretariat.  As 
Government  gives  a  solatium  in  the  form 
of  traveling  allowance,  about  ten  shillings 
a  day  for  short  journeys,  and  one  shil- 
ling a  mile  for  long  and  rapid  tonrs,  these 
diaries  are  closely  scrutinized.  They  al 
so  serve  to  show  how  far  payments  have 
been  made  by  the  engineer  himself,  and 
whether  the  vigilance  that  is  supposed  to 
keep  the  natives  from  idling  and  pecula- 
tion has  been  exercised.  Indeed,  the  en- 
gineer observes  that  his  repute  as  a  de- 
partmental agent  rises  the  farther  and  the 
oftener  he  travels.  He  is  able  to  write 
from  day  to  day  about  a  fresh  item  of 
work,  and  this  is  constantly  before  the 
notice  of  the  secretariat,  either  inviting 
positive  instructions  or  suggesting  in- 
stances of  the  value  that  his  presence  has 
been  in  furtherance  of  work  and  preven- 
tion of  abuses.* 

Traveling  about  an  Indian  district  is 
somewhat  arduous  for  a  European.  A 
very  young  man,  of  strong  constitution, 
rather  enjoys  the  shifting  from  place  to 
place.  He  need  have  no  elaborate  fur- 
niture at  his  head-quarters ;  and,  after 
the  first  expense  of  tents,  cart,  and 
horses  has  been  incurred,  will  live  very 
cheaply  with  the  assistance  of  his  travel- 
ing allowance.  Indeed,  it  only  pays  if 
he  is  constantly  on  the  move ;  and  as,  in 
addition,  he  ranks  by  sheer  sitting  in  the 
saddle  as  a  most  energetic  and  rising 
engineer,  there  is  every  inducement  to 
move    camp    as    each    third    day   comes 


round.  But,  after  a  time,  this  soil  of 
existence  becomes  monotonous:  and 
since  promotion  means  little  more  than 
leading  a  similar  marching  life  through- 
out a  larger  district  of  country,  the 
engineer  is  apt  to  be  struck  with  the 
Btrangeness  of   the  professional   groove 

into  which  he  has  subsided.  An  Indian 
district  charge;  of  any  sort,  which 
involves  a  very  small  and  uncomforta- 
ble house,  situated  near  a  native  town  or 
village,  without  a  European  within  many 
miles,  is  particularly  unsuitable  to  a  fam- 
ily man.  Families  of  English  residents 
are  totally  unable  to  stand  roughing  and 
exposure  to  the  Indian  climate.  Even 
those  of  the  better  orders  of  natives 
'  have  to  be  secluded  carefully  in  the  best 
shelter  they  can  afford,  and  travel  as  sel- 
J  dom  and  as  comfortably  as  possible.  So 
that  a  district  engineer,  who  is  con- 
j  stantly  traveling,  is  therefore  just  as 
'  constantly  away  from  his  family.  He 
[  loses  the  profits  of  traveling  allowance, 
'.  having  to  keep  up  a  proper  and  very 
exjDensive  domestic  establishment,  the 
enjoyment  of  which  is,  however,  inter- 
fered with  by  having  everlastingly  to 
scour  the  country  or  patrol  the  roads. 
An  engineer  with  a  family  has  great  diffi- 
culty in  rendering  the  monthly  tale  of 
bricks.  He  can  only  earn  the  distinc- 
tion of  being  an  active  official  by  absence 
from  home,  and  leaving  his  domestic 
circle  to  amuse  themselves  as  they  best 
can.  In  the  present  state  of  India, 
where  large  works  are  few  and  far 
between,  this  must  be  the  position  of 
several  members  of  the  Public  Works 
Dejmrtnient.  It  is  a  desirability  occur- 
ring to  the  same  extent  in  no  other  coun- 
try, and  has  in  certain  cases  been  so 
intolerable  that  engineers  have  thrown 
up  their  appointments  rather  than  con- 
tinue under  the  disadvantage.  The 
Public  Works  Department,  therefore, 
has,  barring  charge  of  a  few  military 
stations,  and  one  or  two  appointments 
at  the  Presidencies,  only  the  posts  in  the 
secretariats  to  offer  to  those  engineers  so 
circumstanced  as.to  require  to  lead  what 
is  styled  a  settled  life.  Actual  engineer- 
ing work,  to  be  remunerative  and  least 
irksome,  therefore,  in  India,  demands  a 
monastic  proclivity  in  the  case  of  those 
engaged  in  its  superintendence.  The 
question  at  once  arises  whether  the  sys- 
tem of   the   Department   is   in   keeping 
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with  the  age.  That  an  engineer  should 
run  the  gauntlet  of  a  stigma  of  ineffi- 
ciency or  insouciance  because  of  family 
ties  is  hardly  capable  of  defence.  Yet 
so  long  as  native  agency  is  entirely  dis- 
trusted, and  it  is  insisted  upon  that  a 
European  engineer  must  measure  and 
pay  for  every  work  done  out  of  public 
money  in  every  British  district  of  India, 
constant  wearing,  peripatetic  movement 
will  be  the  rule,  and  tranquil  employment 
at  home  the  exception,  and  the  Depart- 
ment present  an  unequal  field  to  its  sec- 
cular  and  regular  orders  of  engineers. 
The  difficulty  is  in  part  surmounted  by 
the  extensive  employment  of  military 
agency  in  the  Indian  Public  Works 
Department.  What  remains  to  be 
noticed  forms  the  substance  of  a  very 
old  and  still-continued  argument.  It  is, 
What  public  works  ought  to  be  done  by 
what  is  called  the  Civil  as  distinguished 
from  the  Public  Works  Department  f 
To  understand  the  merits  of  the  contro- 
versy, it  is  necessary  to  reflect  that  till 
more  than  half  this  century  had  passed 
there  were  no  civil  engineers  in  the  ser- 
vice of  the  Indian  Government.  That 
service  was  entirely  composed  of  two 
classes  of  Europeans,  divided  off  into 
members  of  the  naval  or  military  estab- 
lishment, and  those  of  the  covenanted 
civil  service.  The  rest  of  the  officials  in 
the  subordinate  employments  were  of 
the  uncovenanted  class,  or  mere  natives. 
Civil  authority,  of  course,  fell  to  the 
share  of  the  covenanted  civilians,  but 
the  public  works  became  a  sphere  appro- 
priated to  military  engineers  specially 
trained  for  the  peculiar  duties  to  be  per- 
formed in  the  East.  The  civilian  magis- 
trate of  a  district  exercises  almost  all 
the  functions  of  an  English  property 
agent,  from  the  fact  of  the  State  owning 
the  fee-simple  of  the  land.  Hence,  civil 
officers  have  been  in  the  habit  of  imitat- 
ing and  often  partially  superintending 
those  minor  works  which  rank  as  estate 
improvements.  The  border  line  has 
never  been  very  distinct,  and  civilians 
without  any  acquaintance  with  the  laws 
of  statics  or  the  strength  of  materials 
have  attempted  bridges  and  buildings 
beyond  their  designing  powers.  How- 
ever, a  magistrate  seldom  directs  engi- 
neering operations  personally.  He 
gives  general  instructions  and  a  grant  of 
money  to  the  native  officials  under  his 


orders,  the  main  part  of  whose  regular 
work  is  collection  of  the  revenue  from 
the  peasantry  and  prosecution  of  crimes. 
These  underlings  employ  a  class  of 
master-craftsmen,  who  have  that  intui- 
tive sense  'of  proportion  so  often  seen 
displayed  by  comparatively  uneducated 
men,  and  which  is  as  innate  and  real  as 
the  faculty  of  music.  Their  constructive 
ability  is  heightened  and  regulated  by  a 
practical  acquaintance  with  the  execution 
of  work  handed  down  from  father  to 
son.  All  structures  for  the  use  of  the 
natives  themselves  are  raised  by  their 
operative  instrumentality,  and  it  is  sur- 
prising what  these  master  artisans, 
whose  monthly  pay  may  be  only  from  12 
to  20  rupees,  can  turn  out  when  under 
effective  observation.  The  revenue 
officer  is  known  to  have  absolute  control 
of  funds,  and  no  higher  authority  to  con- 
sult except  in  a  merely  formal  manner  as 
to  their  application.  So  that  his  orders 
are  implicitly  carried  out,  and  all  he  has 
to  do  is  to  ascertain  that  a  work  has 
actually  been  constructed,  to  pass  the 
accounts.  The  revenue  officials  have 
also  certain  powers  of  exacting  compul- 
sory labor  on  emergencies.  On  the 
whole,  for  short  simple  roads,  and  for 
buildings  to  be  occupied  by  native  mem- 
bers of  the  administration,  and  also  for 
small  irrigation  works  and  municipal 
improvements,  execution  through  native 
foremen  directed  by  the  magisterial  col- 
lectors of  revenue,  is  a  cheap  method  of 
construction,  and  amenable  to  scant 
objection.  The  advocates  of  every  kind 
of  district  work  being  placed  under  a 
European  engineer  of  the  Public  Works 
Department  assert  that,  although  the 
works  may  be  simple,  there  is  no  check 
against  peculation,  and  that  the  style  of 
work  and  its  cost  are  left  entirely  in 
native  hands,  with  an  uncertainty  as  to 
its  quality.  There  is  little  doubt  that 
the  natives,  when  given  discretion,  do 
not  pay  labor  with  the  same  regularity 
as  a  European,  and  that  small  sums  are 
appropriated  and  relatives  provided  with 
petty  positions  on  the  works.  But  if 
any  one  will  be  at  the  pains  to  reckon  up 
the  probable  amount  of  such  laches  in  a 
year,  and  place  them  against  the  cost  of 
the  establishments  which  would  have 
prevented  their  occurrence,  the  differ- 
ence would  probably  not  be  in  favor  of 
the  change.     Where  civil  revenue  officers 
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fail  is  in  attempting  rather  heavy  works 
with  inadequate  means.  Flimsy  edifices 
and   threadbare    bridge  rait,   which 

>w  the  want  of  professional  training. 

The  natives  do  not  venture  to  dispute  a 

positive  order,  and  thus  works  are  run 

up  without  check,  in  the  enthusiasm  of 

terwise  successful  tenure  of  ofl 

rich  briug  the  brief  approbation, of  the 
distant  Board  of  Revenue,  and  disparag- 
ing  comments   some    ye  irs   afterwards, 
tents  of    the  Provincial   Gov- 
ernor and  his  secret  n  tour  are  next 
pitched  in  the  vicinity.     The  remedy,  of 
course,  is  that  district  civil  officials  should 
submit  all  designs  for  the  scrutiny  of  a 
civil  engineer  or  architect  possessing  lo- 
cal acquaintance,  leaving  the  method  of 
actual  construction  a  question  of  economy 
and  convenience.    The  Public  Works  De- 
partment has  a  totally  different  way  of 
executing  work  to  that  pursued  by  civil 
district  officials.     Its  whole  organization 
is  on  a  European  model,  and  native  rout- 
ine is  looked  at  as  slipshod  and  irregular. 
The  engineers  have  a  fixed  staff  of  col- 
lege-educated subordinates,  very  much  on 
the  plan  of  the  French  Fonts  et  Chaus- 
Xa rives,  as  a  rule  occupy  the  lowr- 
est  positions,  and  there  is  nothing  that  a 
native  does  which  is  not  presumed  to  be 
checked  by  a  European,  either  in  the  field 
or  office.    The  Europeans  are  themselves 
overawed  by  a  network  of  returns  and  a 
watchful   secretariat.     It  is  well  known 
that  a  native  in  the  ordinary  civil  depart- 
ments is  not  satisfied  with  the  salary  of 
his  appointment,  but  makes  it  worth  much 
more  by  indirect  acquisitions.    The  mode 
of  doing  so  is  kept  out  of  sight,  and  is 
often  merely  the  exercise  of  influence  and 
patronage,  which  was  the  reward  of  poli- 
tical eminence  only  lately  in  Great  Britain. 
At  any  rate,  ample  opportunity  exists  in 
all  Indian  situations  held  by  natives  in 
the  offices  of  legal  and  revenue  adminis- 
tration for  making  more  than  their  nom- 
inal  stipends.     So  much  depends  upon 
custom,  and  is  readily  conceded  by  the 
population,  that  the  practice  can  neither 
be  inquired  into,  nor  stopped.     For  ex- 
ample, it  is  quite  possible  for  a  subordi- 
nate deputy  to  draw  a  traveling  allowance 
and  yet  quarter  himself  upon  the  people 
wherever  he  proceeds,  and  be  put  to  no 
expense.     But  in  return  for  this  enter- 
tainment the  landed  classes  expect  to  se- 
cure a  friendly  ear  at  the  Revenue  Office, 


and  thai  their  disabilities  will  be  examined 

with  extra  care.  So  again  the  native  con- 
tractors, and  master  tradesmen,  who  are 
entrusted   with   district   works   intend  to 

supplement  their  periodical  remuneration 
by  an  occasional  windfall.     But  the 
tives  in  the  Public  Works  Department, 

though    tolerably   well    paid,    are    under 
•li  a  strict  watch,  and  render  such  tell- 
tale accounts,  that  they  can  make  nothing 
without  the  fact  being  either  guessed 
known.     Consequently  they  have   to  be 
driven  to  exertion,  and  take  little  or  no 
real  pride  because   they  derive  so  little 
satisfaction  from  their  work.     They  can 
nominate  no  relatives  to  petty  charges, 
nor  can  they  assume  among  their  country- 
men the  importance  of  sole  managers  of 
public  undertakings.     The  effect  is  that 
every  arrangement  has  a  tendency  to  go 
wrong  through  neglect,  where  the  Euro- 
pean engineer  cannot  be  constantly  pres- 
ent  or    frequently   around.     There   are 
many  ways  in  which  a  native  member  of 
I  a  permanent  establishment  can  have  his 
own   way   with   impunity.     One   of   the 
easiest  is  to  feign  stupidity.    It  is  exceed- 
ingly  difficult   to   displace    on    such    a 
ground  men  who  have  been  trained  at  a 
Government  Institution.     Then  there  is 
sickness,  and   the  ability  to  account   in 
the  most  plausible  way  for  a  scarcity  of 
hands  and  dawdling  progress.    But  very 
often   the    native   subordinates,    though 
well  educated,  are  really  defective  in  prac- 
tical art,  and  quite  unable  to  direct  work- 
men.   So  that  an  engineer  has  frequently 
several  sub-agents  wThom  he  is  obliged  to 
i  employ,  but  who  may  be  neither  compe- 
tent nor  attentive.    It  then  comes  to  this  ; 
that  if  the  wrork  is  a  large  bridge  or  a 
single  line  of  road  of  moderate  length,  or 
a  building  which  the  European  engineer 
can  visit  every   other   day,   the   depart- 
mental system  is  much  more  regular  and 
efficacious  than  the  management  of  the 
collector.     But  if,  on   the  contrary,  the 
works  are  of  a  petty  description  and  very 
widely  scattered,  the  labor  of  check  and 
the  physical  injury  to  the  European  con 
stitution,  caused  by  incessant  exposure  to 
a  tropical  sun,  are  dearly  purchasd  by  any 
ecomony  or  benefit  produced.     That  this 
is  the  case  is  not  readily  seen  in  the  secre- 
tariats,   by  wrhose    opinion    Government 
is  chiefly  guided.     A  secretary  directing 
public  works  from  a  desk  has  to  secure 
that  some  person  in  each  of  the  districts 
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is  responsible  for  whatever  goes  amiss. 
Once  an  engineer  is  placed  in  charge  on 
the  spot,  dealing  with  him  becomes  a  me- 
chanical matter,  and  if  anything  in  the 
shape  of  loss,  failure,  or  short  expenditure 
occurs,  which  he  is  unable  very  fully  to 
explain,  he  is  liable  to  be  handed  up  to 
higher  authority.  Now  a  capable  engi- 
neer employed  upon  a  large  work  which 
he  can  go  over  from  end  to  end  without 
great  fatigue  and  exposure,  or  long  ab- 
sence from  his  ordinary  residence,  or  upon 
which  furnished  houses  have  been  built 
every  ten  or  twelve  miles  by  the  foresight 
of  Government,  can  very  seldom  fail  in 
explaining  casual  accidents  or  unlooked- 
for  difficulties.  But  when  he  is  made  re- 
sponsible for  every  little  rut  in  a  road 
and  leak  in  a  sluice  over  a  wide  district, 
which  it  would  take  three  months  to  go 
round  at  the  pace  of  ten  miles  a  day,  it 
is  very  different.  When,  again  small 
losses  and  instances  of  disrepair  are 
treated  as  professional  delinquencies,  it 
becomes  exceedingly  difficult  for  an  engi- 
neer to  ward  off  censure.  Some  civil  offi- 
cial has  perhaps  drawn  an  unfavorable 
comparison  between  a  collector's  and  de- 
partmental work  on  return  to  head-quar- 
ters from  a  district  tour^  the  smart  of 
which  is  felt  at  the  secretariat.  The  engi- 
neer has  to  be  asked  pointedly  when  he 
was  last  over  that  corduroy  mile  of  road. 
If  by  a  happy  accident  a  recent  visit  had 
been  paid,  some  means  of  pacification  are 
promptly  forthcoming.  In  the  other  event 
it  would  need  much  ingenuity  to  get  the 
blame  saddled  on  the  right  horse.  So 
that  the  position  of  a  district  engineer 
having  a  number  of  insignificant  works 
to  look  after  is  one  of  actually  much 
greater  anxiety,  far  more  wear  and  tear 
on  his  physical  endurance,  and  discomfort, 
than  if  engaged  on  a  single  important 
work  involving  four  or  five  times  the  ex- 
penditure of  money.  The  only  safe  pro- 
cedure is  to  be  constantly  on  the  move. 
The  impossibility  of  being  in  more  than 
one  place  at  a  time  can  thus  always  be 
urged,  and  is  an  unanswerable  plea,  and 
a  sufficient  exculpation.  The  district 
engineer  who  is  scarcely  three  or  four 
days  in  the  same  neighborhood,  can  look 
with  tolerable  complacency  at  occurrences 
which  are  not  at  all  relished  by  another, 
whose  less  frequent  journeys  do  not  fur- 
nish the  grateful  alibi.  Members  of  the 
Public  Works  Department  will  be  found 


to  assert  the  superiority  of  the  principle 
of  having  every  work  in  the  limits  of  a 
district  in  charge  of  a  European.  There 
are  persons,  again,  who  consider  the  mere 
fact  of  an  educated  gentleman  traveling 
about  and  mixing  with  the  natives  an  im- 
mense factor  in  the  propagation  of  civil- 
ization, and  they  would  advocate  the  engi- 
neer moving  about  even  if  he  had  a  mere 
trifle  to  inspect.  This  is  curiously  evi- 
denced by  the  different  treatment  two  in- 
dividuals would  receive  in  the  disposal  of 
their  leisure.  A  sportsman  might  take 
two  or  three  days  shooting,  and  be  thought 
all  the  better  of  for  thus  occupying  his 
time.  There  would  be  no  inquiry  as  to 
the  interlude  in  more  serious  labors.  But 
a  reading  man  who  for  purposes  of  study 
had  halted  for  the  same  period,  would 
experience  little  appreciative  encourage- 
ment. He  would  probably  be  set  down 
as  wasting  time.  The  idea  evidently  is. 
that  the  huntsman  is  coming  in  contact 
with  the  natives  and  improving  them, 
whilst  the  other  is  merely  invigorating 
his  own  mind  and  producing  no  impres- 
sion on  the  native  population.  But  this 
is  a  mere  relic  of  the  company's  system, 
who  governed  the  country  on  commercial 
principles,  and  of  a  period  before  rail- 
ways, when  comparatively  few  had  a 
knowledge  of  the  interior.  At  present 
the  main  reason  for  extending  the  super- 
vision of  a  European  over  small  district 
works  is,  that  by  this  means  alone  can  the 
expenditure  on  those  works  most  com- 
monly done  largely  exceed  the  cost  of  sal- 
aries. District  works  have  so  little  finish, 
and  are  designed  upon  such  an  econom- 
ical scale,  that  it  takes  a  considerable 
number  to  fill  up  an  annual  budget  re- 
spectably. But  it  may  be  questioned  if 
there  is  any  absolute  reason  for  an  engi- 
neer having  to  undertake  every  class  of 
work  within  a  certain  specific  area  before 
he  becomes  entitled  to  receive  sufficient 
remuneration  for  his  services,  any  more 
than  that  a  judge  should  be  paid  so  much 
per  judicial  sentence.  There  must  at 
times  be  a  lull  in  engineering  enterprise, 
while  an  Indian  district  always  presents 
some  important  schemes  to  investigate 
and  a  good  deal  of  scope  for  land  improve- 
ment. But  to  curtail  an  engineer's 
breathing-room  by  exercising  pressure 
through  the  diary  of  movements  and  oc- 
cupying his  time  in  tedious  journeyings, 
in  order  to  visit  works  which  the  natives.. 
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when  the  point  is  insisted  upon,  arc  per- 
fectly  competent    to    manage    unaided, 
ins  to  approach  a  misapplication  of  a 
European's  peculiar  powers  and  qualities. 

District  charges  arc  much  more  onerous 
in  sonic  parts  of  India  than  in  others. 
In  Bengal,  the  North-West  provinces,  and 

the  Punjab,  only  the  principal  lines  of 
road  arc  metalled,  the  canals  are  in  the 
hands  of  a  distinct  group  of  engineers, 
and  on  both  classes  of  works  there  are 
small  two  or  three  roomed  houses  at 
intervals  of  about  a  dozen  miles  apart, 
which  shelter  the  traveling  engineer  from 
the  mid-day  heat.  The  population  is 
often  as  dense  as  -400  per  square  mile, 
and  the  districts  are  not  extensive.  Twen- 
ty or  thirty  miles  take  a  person  from  the 
head-quarters  of  one  district  to  the  prin- 
cipal station  in  the  next  adjoining;  also 
in  the  Bombay  presidency  the  district 
divisions  are  not  excessively  large,  and 
the  works  consist  chiefly  of  trunk  lines  of 
road,  or  buildings  in  the  forts,  towns, 
and  military  stations,  or  marine  construc- 
tion. It  is  as  the  south  is  reached  that 
the  change  in  the  system  of  collecting  the 
land  revenue  makes  itself  felt  in  a  minute 
interference  with  almost  every  acre  of  the 
country  on  the  part  of  the  Public  Works 
as  well  as  other  agencies  of  Government. 
The  population  dwindles  down  to  200  per 
square  mile,  and  the  traveller  may  go  100 
miles  without  coming  across  a  residential 
community  of  Europeans.  Except  on  the 
military  roads  there  is  no  accommodation 
provided  for  an  inspecting  engineer,  the 
Madras  Government,  even  on  the  import- 
ant irrigation  canals,  grudging  the  small 
expense  that  wrould  be  required  to  erect 
the  houses  which  are  the  foremost  items 
of  construction  in  a  wTork  of  any  magni- 
tude in  the  North  of  India.  Obviously, 
to  leave  Europeans,  as  a  rule,  and  from 
year's  end  to  year's  end,  to  locate  them- 
selves during  the  hot  and  rainy  seasons 
in  tents  which  are,  except  for  very  tem- 
porary occasions,  inadequate  shelter,  or 
in  flimsy  mud-huts  they  subscribe  for, 
little  bigger  than  tool-sheds,  is  unecon- 
omical. It  prevents  them  using  their 
best  faculties,  feeling  they  have  a  full 
command  of  the  country,  or  preserving 
undiminished  health.  Few  professional 
men  in  Great  Britain  can  imagine  what  it 
is  to  be  encamped  in  the  hot  weather, 
directing  a  public  work  from  a  tent.  The 
mornings     and     nights    are     endurable 


enough;  but  the  hot,  dry  winds  and  dust 
of  the  middle  of  the  day  evoke  such  un- 
comfortable sensations  that  enforced  re- 
pose under  blankets  is  the  most    suitable 

manner  of  spending  the  greater  portion 
of  the  hours  of  mid-day.  The  high  tem- 
perature, coupled  with  the  electric  tension 
of  the  outdoor  air  of  an  Indian  midsum- 
mer, cause  such  an  oppression  as  almost 
to  stille  thought  and  render  any  clear  ex- 
ercise of  the  head  and  hands  of  the  engi- 
neer a  labored  and  forced  performance. 
In  a  shaded  and  moistened  apartment, 
however,  the  conditions  are  materially  al- 
tered, and  an  individual  can  do  a  fair 
amount  of  work,  compared  to  that  of  the 
brief  waking  periods  under  canvas. 
During  the  cold  season,  which  lasts  for 
half  the  year  in  Northern  India,  tents 
are  very  agreeable,  and  their  use  is  indis- 
pensible  on  cross-country  trips  of  any 
length,  and  when  breaking  fresh  ground. 
But  they  are  cumbrous  to  move  about, 
and  ill-suited  to  hilly  or  roadless  districts. 
In  the  Madras  Presidency,  where  it  is 
nearly  always  hot  weather,  the  mere 
apology  for  a  cool  season  only  lasting  for 
two  months,  it  is  hard  work  merely  in- 
habiting tents,  to  say  nothing  of  prepar- 
ing designs  and  getting  up  intricate 
engineering  schemes  under  the  swelter- 
ing awning.  It  comes  to  this,  that  when 
works  of  novel  construction,  or  of  consid- 
erable size,  have  to  be  undertaken  in  India, 
it  is  desirable  to  employ  a  European  staff 
and  to  protect  them  from  the  effects  of 
climate  at  any  reasonable  cost.  But  if 
the  works  are  small  and  wudely  diffused, 
and  such  as  the  natives  are  able  to 
execute  with  far  greater  cheapness  and 
speed  than  any  European,  if  they  only 
choose,  it  is  of  questionable  utility  to 
compel  Europeans  to  direct  the  opera- 
tions writh  an  expenditure  of  motor-power, 
that  only  the  youthful  can  long  stand  and 
the  restless  enjoy.  There  has  never  been 
much  attention  paid  in  India  to  distrib- 
uting engineering  work  in  proportion  to 
the  competency,  time,  and  powers  of  each 
member  of  the  department.  The  first 
effort  has  been  to  perfect  a  chain  of 
rules  and  form  an  inflexible  system. 
This  done,  item  after  item  of  work  has 
been  brought  within  the  vortex  by  sim- 
ply including  it  in  some  one's  charge  who 
was  bound  to  observe  the  departmental 
regulations,  till  the  whole  tone  of  the 
Indian  works  became  one  of  over-tasking. 
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Nobody  could  do  all  that  was  expected 
of  them,  so  that  it  has  been  a  matter  of 
forbearance  or  accident  when  any  lengthy 
period  has  passed  without  the  engineer 
actually  executing   the   smaller  class  of 
works  and  repairs  getting  a  reprimand. 
Till  the  close  of  the  American  War  of 
Secession,  public  works  were  being  very 
briskly  pushed  on  in  India,  under  the 
surviving   principles  of  the  East  India 
Company.     The  country  was  just  being- 
opened  out,  and  the  comfortable  lethargy 
of  palanquins  invaded  by  the  road  and 
the  railway.     It  was  expected  that  the 
natives   would  rapidly  adopt   European 
ways  of  living,  and  exchange  clay  and 
thatch  for  stone  and  brick.     Irrigation 
was  to  spread  fertility,  and  pay  investors 
10  per  cent.     Sanitation  was  to  dispel 
miasma.     So   that   in   every   quarter   of 
British  territory  the  engineer  was  about, 
and  the  most  stirring  personage  in  his 
neighborhood.    No  official  worked  longer 
hours,  or  went  into  such  unvisited  cor- 
ners of  the  district.     At  last  the  more 
obviously  needed  works  have  been  com- 
pleted, and  those  only  have  still  to  be  car- 
ried out  which  form  the  demand  of  a  very 
advanced  country.    Yet  there  is  little  en- 
couragement to  proceed  .with   improve- 
ments, because  the  wealth  of  the  popula- 
tion and  the  productiveness  of  the  land 
have  not  kept  pace  with  the  extended  fa- 
cilities of  locomotion.    They  have  opened 
a  market,  but  the  first  rush  of  raw  prod- 
uce has  been  succeeded  by  a  dearth,  which 
has  caused  the  failure  or  decline  of  many 
of  the  best  mercantile  interests*  at  the 
presidency  towns  and  inland  settlements. 
At  present  there  is  no  steady  flow  of  cap- 
ital  to  engineering  works.     Grants   are 
obtained  with  considerable  difficulty,  and 
it  is  only  where  some  political  emergency 
favors  a  scheme  that  it  is  capable  of  fur- 
nishing    high-class     employment.     The 
whole  structure  of  native  society  operates 
against  rapid  material  expansion.     This 
is  seen  at  a  glance  by  comparing  the  na- 
tive town  with  the  European  station  close 
beside  it.     The  one  is  a  compact  mass  of 
badly-built  houses,  mostly  single  storied 
and  in  which  there  is  more  clay  than  any 
other   substance    used    in   construction. 
Each  room  contains  its  four  or  five  human 
beings,  and  the  whole  city  may  have  from 
one  to  two  hundred  thousand  inhabitants. 
Every  article  in  the  possession  of  the  na- 
tives has  a  rickety  appearance,  and  the 


problem  uppermost  is  how  to  live  on  the 
smallest   possible   sum.     If    people    are 
seen  talking  in  the  streets  it  is  almost  a 
certainty  that   they  are   discussing   the 
price  of  food.     Houses  of  the  natives  are 
generally   built   round   a   small    central 
court-yard.      They    seldom   contain    any 
furniture,  and  the  walls  are  about  8  feet 
high.    The  several  generations  of  a  native 
family  club  together  in  the  same  estab- 
lishment, so  that  there  is  no  individual 
independence.     The  prosperity  of  one  in 
the  household  means  that  the  others  will 
do  so  much  less  work.     When  a  man  ob- 
tains a   Goverment  appointment  all  his 
relatives  flock  to  quarter  themselves  upon 
his  bounty.    Early  marriage  is  the  almost 
absolute  rule,  and  the  natives,  as  a  body 
are  not  long-lived.     The  inferior  cheap 
garbage  on  which  they  live,  the  filth  of 
their  towns,  and  the  weak  constitutions 
and  indolent  habits  most  of  them  have 
inherited,  all  conspire  to  shorten  exist- 
ence.    A  native  is  extremely  old  at  fifty 
years  of  age,  and  a  woman  at  thirty  five. 
The  rate  of  mortality  in  places  like  Cal- 
cutta is  59  per  1,000.    In  the  Sej)oy  Army, 
where  selected  men  are  under  European 
care,  the  rate  is  as  low  as  14  per  1,000. 
These  several  facts  produce  a  great  influ- 
ence on  a  native's  way  of  thinking  and 
acting.      They   are   essentially   different 
from  those  of  a  European.     The  British 
station  is  an  enormous   contrast  to  the 
native  town.    Neat  plastered  houses,  con- 
structed to  admit  a  flow  of  the  purest  air, 
and  of  very  large  size  compared  to  a  na- 
tive house,  which  last  is  on  the  scale  of 
one  of  its  stables  or  store-rooms,  stand 
in  an  ample  enclosure.     There  are  from 
four  to  eight  commodious  rooms  in  an 
English  house,  and  the  whole  are  appro- 
priated to   the  use  of  but  two  adults. 
The  accomodation  for  100  European  res- 
idents covers  as  much  ground  as  a  native 
city  of  fifty  thousand  people.    So  far  from 
being  contented  with  a  subsistence,  the 
European  is  striving  to  obtain  a  compe- 
tence. '  He  affects  some  elegance  in  his 
furniture,  tidiness  in  his  grounds,  and 
cleanliness  reigns  in  the  neighborhood  of 
the  bungalow.    The  roads  in  the  European 
settlements  are  well  kept,  and  it  is,  in 
fact,  a  complete  contrast  to  the  squalid 
purlieus  which  the  natives  not  only  in- 
habit, but  really  like.    Whether  all  do  or 
not,  their  circumstances  prevent  any  im- 
portant assimilation  to  European  habits, 
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as  it  was  at  one  time  expected  would  oc- 
cur through  education.  Natives  cannot 
be  Englishmen.     Their  brightest  time  is 

in  the  immaturity  of  youth.  Th< 
dignified  evening  of  their  days  to  be  pro- 
vided with  substantial  comfort  and  intel- 
lectual ease.  The  ambition  of  a  native 
is  to  escape  all  kinds  of  labor  that  involve 
physical  exertion  and  exposure  to  weath- 
er, by  obtaining  a  public  appointment, 
after  leaving  school,  on  a  small  monthly 
salary,  with  a  prospective  and  still  smaller 
pension.  Natives,  however,  while  their 
faculties  last,  are  both  clever  and  indus- 
trious. .The  only  thing  is,  that  they  must 
lie  allowed  to  produce  results  in  a  differ- 
ent way  from  Europeans.  They  distrib- 
ute a  given  task  among-  a  number  instead 
of  placing  it  in  the  hands  of  a  sole  per- 
son. This  is  of  great  moment  to  notice 
from  an  engineering  point  of  viewr.  Hith- 
erto natives  carefully  educated  as  engi- 
neers, and  who  have  passed  high  mathe- 
matical examinations,  have  been  treated 
on  entering  the  service  as  if  they  were 
Europeans.  In  consequence  they  appear 
much  as  fishes  out  of  water.  It  is  impos- 
sible to  expect  the  same  physical  endur- 
ance in  a  native  engineer  as  in  one  brought 
out  from  Great  Britain.  Nor  will  a  native 
who  will  wear  out  at  fifty,  have  the  same 
kind  of  ambition  spurring  him  to  effort 
as  the  Englishman,  who  is  still  in  full 
vigor  at  that  not  advanced  age.  Besides 
this,  the  native  is  not  a  free  agent.  He 
is  merely  the  member  of  a  large  house- 
and  whose  slave  he  virtually  continues 
hold  whose  wishes  he  is  obliged  to  consult, 
while  in  employment.  So  that  he  is  con- 
tinually, work  how  he  may,  being  reduced 
to  mere  subsistence  level,  and  has  no 
scope  to  found  a  career  and  domestic  cir- 
cle purely  his  own.  If,  therefore,  a  na- 
tive is  departmentally  employed  in  the 
higher  ranks  of  engineering,  it  is  neces- 
sary to  allot  a  diminished  charge,  and  use- 
less to  pay  a  scale  of  salary  which  ascends 
by  rapid  leaps. 

But  under  a  purely  native  system  of 
government,  which  would  keep  an  engi- 
neer in  one  locality  the  wrhole  of  his  ser- 
vice, wmile,  on  the  contrary,  British  prin- 
ciples of  administration  would  remove  him 
to  a  fresh  district  every  three  or  four  years, 
an  engineer  would  so  establish  himself 
as  to  be  capable  of  controlling  the  same, 
if  not  more,  district  wrork  than  a  Euro- 
pean.    The  native  wTould  collect  his  rela- 


tives together,  have  all  the  most  likely 
males  well  schooled  and  taught  the  ele- 
ments of  the  profession,  and  then  make 

use  of  them  as  assistants  to  himself.  The 
head  of  the  family  would  alone  draw  pay 
from  the  State  as  engineer;  but  his  duties 
would  be  shared  by  several  relations  qual- 
ified to  help,  but  whose  names  would  not 
necessarily  figure  on  the  establishment 
rolls.  Other  dependents  of  the  family, 
possessing  no  education,  would,  notwith- 
standing this  disadvantage,  be  turned  to 
account.  They  would  be  posted  to  the 
different  works  as  spies  on  the  doings  of 
the  subordinate  agents.  In  this  way  the 
native  engineer  wrould  be  able  to  exercise 
a  very  powerful  check  on  irregularities  of 
all  kinds,  and  be  prepared  to  make  efforts 

;  with  which  it  would  be  most  difficult  for 
a  European  to  compete.  The  Public 
Works  Department  is  so  constituted  as 
to  prevent  the  formation  of  this  sort  of 
local  influence.  For  want  of  it  most  of 
the  native  engineers  appear  helpless,  and 
are  liable  to  be  set  down  as  failures.     But 

i  the  civil  business  of  the  country  is  done 
by  these  convenient  socialisms,  though  os- 
tensibly only  one  responsible  official  is 
dealt  with, — the  magistrate-collector.  It 
is  here  that  the  Revenue  Department  is 
stronger  than  that  of  Public  Works. 
Agents  intimately  acquainted  with  a  dis- 
trict, and  long  settled  in  it,  can  get  work 
of  an  ordinary  description  executed  with 
more  certainty  and  less  cost  than  Euro- 
peans, who  do  not  live  among  the  natives, 
and  cannot  hear  what  transpires.  But 
these  observations  only  apply  to  scattered 
local  works,  and  not  to  costly  single  pro- 
jects requiring  science  and  organization. 
The  natives  do  not  posess  much  admini- 
strative power.  They  make  haphazard 
arrangements  and  leave  chance  to  do  the 
rest.  In  these  cases  to  have  engineering 
work  efficiently  carried  on,  Europeans 
must  be  at  the  head  of  affairs.  Natives 
have  not  had  the  opportunity  of  acquiring 
the  necessary  experience,  and  they  have 
neither  the  perseverance  nor  comprehen- 
siveness of  grasp  to  control  extensive 
undertakings  and  meet  unexpected  diffi- 
culties. It  is  just  for  the  reasons  that 
make  English  Engineers  in  request  all 
the  wrorld  over  that  some  of  them  are 
needed  in  India.  But  it  has  to  be  recol- 
lected that  it  is  not  an  opulent  country, 
and  will  not  for  long  have  very  many 
large  works  to  offer. 
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ON  THE  APPLICATION  OF  THE  METRIC  SYSTEM  TO  THE 

STEAM  ENGINE.* 


By  ALFRED  COLIN,  M.  E. 
Contributed  to  Van  Nostrand's  Magazine. 


MEASUEE    OF    POWER. 

The  power  of  steam  engines  is  estima- 
ted in  horses ;  the  expression  chosen  by 
Watt  a  century  ago,  as  a  commercial  but 
not  as  dynamical  unit  was  adapted  to  his 
purposes.  Since  then  the  Steam  engine 
has  been  called  upon  to  perform  works 
which  at  that  early  period  were  not  thought 
of,  and  the  expression  Horse-power  has 
rapidly  lost  its  original  meaning.  Con- 
sidering that  industry  will  constantly 
require  increasing  powers  it  is  proper  to 
see  if  some  more  appropriate  unit  is  not 
desirable,  and  the  introduction  of  the 
Metric  System  offers  an  opportunity  to 
study  the  question. 

A  horse-power  is  denned  33,000  foot- 
pounds in  a  minute,  which  are  equivalent 
to  75.73  kilogrammeters  in  a  second.  In 
the  Metric  System  the  horse-power  is 
reckoned  for  the  sake  of  simplicity  at  75 
kilogrammeters.  Consequently  when  the 
power  of  an  engine  is  to  be  determined, 
its  work  is  calculated  and  -^  of  this  quan- 
tity is  the  horse-power,  in  other  words 
the  coefficient  T^  is  introduced.  A  slight 
consideration  shows  that  this  is  a  very 
indirect  process,  inasmuch  as  the  real 
unit  is  the  kilogrammeter. 

The  work  of  an  engine  may  be  meas- 
ured in  two  ways ;  that  performed  by 
steam  on  the  piston  or  the  Indicated 
Horse-Power,  of  easy  calculation,  and  that 
transmitted  by  the  shaft  which  is  the 
Effective  one.  This  last  in  early  engines 
was  computed  with  a  Prony's  friction  dy- 
namometer. A  considerable  discrepancy 
exists  between  these  two  expressions  of 
the  power,  and  no  relation  can  be  formu- 
lated; but  from  this  discrepancy  arise  the 
complicated  formulae  with  which  treatises 
on  the  Steam  engine  abound.  It  would 
not  only  be  useless  but  impossible  to  try 
to  enumerate  these  manifold  empirical 
f  ormulse ;  and,  although  this  constitutes  a 
subject  of  complaint  from  every  engineer, 
complications  still  arise  every  day  by  the 
general  introduction  of  the  compound 
engine. 

*  Paper  read  at  the  spring  meeting  of  the  American 
Metrological  Society  (May  18,  1878). 


In  Europe  this  is  due  to  the  term  "nom- 
inal horse-power,"  according  to  which  en- 
gines are  sold.  In  this  country  we  em- 
ploy the  only  criterion  which  presents  no 
ambiguity — the  dimensions  of  the  cylin- 
der, diameter  and  stroke,  and  vet,  by  an 
inexplicable  reason,  we  measure  the  one 
in  inches  and  the  other  generally  in  feet. 

If  now  we  inquire  how  many  people 
have  an  idea  of  the  horse-power  of  an 
engine  or  boiler  we  shall  find  that  these 
are  surprisingly  few.  Stationary  engines 
are  sold  for  engines  of  a  given  power, 
always  with  as  high  a  figure  as  possible, 
and  most  often  neither  buyer  nor  seller 
is  able  to  estimate  this  power;  this 
is  particularly  the  case  with  boilers.  If 
due  attention  is  given  to  this  considera- 
tion it  will  easily  be  seen  that  the  change 
of  unit  will  afford  little  inconvenience, 
inasmuch  as  those  who  are  conversant 
with  the  matter  will  find  in  it  a  source  of 
simplification. 

Years  ago  Mr.  Reech,  the  Director  of 
the  School  of  French  Naval  Engineers 
proposed  to  relate  the  power  of  engines 
to  the  decimal  system.  He  was  urging 
then  to  make  the  horse-power  100  kilo- 
grammeters, which  would  give  about  75 
on  the  shaft,  or  still  better  to  take  a  new 
unit  of  1000  kilogrammeters.  This  new 
unit  which  presents  many  advantages  I 
shall  call  a  Tonmeter*.  It  is  very  large 
(J-Q-0-°=)13J  actual  horses  and  on  this  ac- 
count may  be  objected  to.  Howrever 
when  we  consider  the  great  power  devel- 
oped either  by  a  locomotive,  a  marine  or 
a  pumping  engine  and  find  its  advantages, 
we  can  indeed  readily  infer  the  ratio  of 
the  tons  of  freight,  of  the  tonnage  of  the 
ship,  of  the  cubic  meters  of  water  pumped 
out  to  the  ton  of  power.  In  fact  in  what- 
ever way  we  may  consider  the  working 
of  an  engine,  coal  burned,  water  evapora- 
ted, the  tonmeter  is  always  simpler. 

As  to  the  proposed  term  tonmeter  it  is 
in  accordance  with  the  metric  table  of 
weights,  needs  no  explanation  to  be  under- 
stood, and  the  coining  of  some  new  tech- 

*  The  French  word  would  be  tonnemetre  and  the  Span- 
ish tonelametro. 
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nical  term  taken  from  the  Greek  docs  not 
appear  expedient. 

In  the  study  of  thermodynamics,  where 
large  numbers  arc  dealt  with,  the  term 
tonmeter  is  particularly  acceptable 

The  only  objection  to  the  expression 
tonmeter  is  when  small  powers  arc  re- 
quired, but  then  a  fraction  such  as  ^,  J 
or  £  or  rather  a  decimal  of  the  tonmeter 
is  available,  and  besides  the  kilogrammeter 
the  real  unit,  may  \>c  resorted  to. 

If  consequently  a  new  unit,  now  as 
when  Mr.  Reech  proposed  it,  presents 
only  advantages  it  is  pertinent  to  inquire 
why  it  was  not  adopted.  The  reason  is  | 
that  Mr.  Reech  was  then  ahead  of  his 
time.  Europe  was  at  that  epoch  greatly 
dependent  on  England  for  marine  engines, 
and  the  expediency  of  having  a  commer- 
cial unit  much  at  variance  with  that  of 
the  largest  producers  was  doubtful.  But 
if  no  steps  have  since  then  been  taken  to 
introduce  a  sound  unit,  this  must  be  only 
attributed  to  a  spirit  of  routine. 

MEASURES  OF  PRESSURE. 

The  steam  and  vacuum  gauges  next 
command  our  attention.  The  atmos- 
pheric pressure  in  French  works  is  esti- 
mated at  l.kil-033grammes  with  the  bar- 
ometer standing  at  76  centimeters  (its  av- 
erage height  in  Paris),  and  engineers 
neglecting  the  33  grammes  say  with  an 
inappreciably  small  error  that  the  atmos- 
pheric pressure  is  1  kilogramme  on  the 
square  centimeter,  making  thus  an  easily 
remembered  figure.  But  French  steam 
gauges  have  a  scale  which  is  not  advis- 
able, the  pressures  being  given  in  atmos- 
pheres  of  76  centimeters  of  mercury,  and 
in  tenths;  now  since  nothing  is  more 
variable  than  the  atmospheric  pressure, 
a  more  arbitrary  unit  could  hardly  have 
been  selected  ;  besides  the  reduction  to 
the  pressure  on  the  square  centimeter 
requires  a  small  calculation  in  contradis- 
tinction with  the  aim  of  the  Metric  Sys- 
tem. For  instance :  a  steam  gauge  indica- 
ting 5.4  atmospheres  represents  a  press- 
ure of  (5.4x1-033=)  5klls578 grammes 
on  the  square  centimeter.  When  small 
pressures  are  dealt  with  those  are  given 
in  centimeters  of  mercury;  thus  152  cen- 
timeters indicate  a  pressure  of 

/152x  1.033    \ni,      _ 

I Ya =  P  kng-  066grammes. 

The  term  atmosphere  had  its  origin  in 
Vol.  XXL— No.  4—21 


early  engines  when  it  was  from  the 
atmospheric  pressure  that  their  chief 
power  was  derived;  to-day  with  our  con- 
si  antly  increasing  pressures  this  term 
becomes  more  and  more  out  of  place. 

I  should  advise  to  have  the  pressures 
indicated  in  kilogrammes  the  figures 
0,  1,  2,  3  .  .  .  on  the  dial  standing  for 
kilogrammes,  and  the  spaces  between 
them  divided  decimally  so  that  5.4 
would  be  read  5  kilogrammes  4  tenths, 
but  not  4  hectogrammes  or  400  grammes. 

I  must  say  that  of  late  years  some 
engineers  gave  attention  to  the  above 
way  of  measuring  pressures,  and  recom- 
mend a  change  in  the  sense  here  advo- 
cated. 

The  vacuum  guage  presents  a  difficulty ; 
it  is  always  in  centimeters  of  mercury  that 
vacuum  is  estimated.  Many  of  the  en- 
gine attendants  are  ignorant  of  the  differ- 
ence existing  between  a  steam  and  a 
vacuum  gauge,  and  it  is  not  unfrequent 
to  hear  them  speak  of  a  vacuum  of  25 
pounds.  Vacuum  gauges  are  graded  in 
centimeters  of  mercury,  and  I  am  op- 
posed to  this  graduation  by  the  reason 
that  aneroid  gauges  are  daily  more  em- 
ployed, replacing  the  mercurial  ones,  and 
besides  the  idea  of  pressure  is  the  only 
important  one.  It  would  be  advantage- 
ous to  grade  them  as  steam  guages,  and 
to  mark  1  kilogramme  the  point  corre- 
sponding to  28.966  inches  or  735  milli- 
meters of  mercury  exactly  (yVWV =735. 51) 
to  divide  this  space  into  100  parts,  and 
to  continue  some  10  divisions  beyond  the 
1  kilogramme  (l.kilsl=80  centimeters  of 
mercury).  Consequently  a  vacuum  of  76 
centimeters  or  lkils033  grammes  corre- 
sponds on  this  scale  to  1  kilg.  and  T|f  „-, 
or  between  3  and  4  hundredths.  The 
divisions  on  this  scale  would  be  smaller, 
henceforth,  if  anything,  better  than  the 
actual  in  centimeter  being  about  j  of 
their  value. 

It  is  important  to  remark  here  that 
when  indicator  diagrams  are  taken,  the 
pressures  and  nothing  else  are  read,  it 
being  the  useful  thing  sought. 

The  desideratum,  it  seems  to  me,  is  to 
bring  steam  and  vacuum  gauges  to  one 
single  unit,  that  of  weight. 

In  Physics,  the  term  atmosphere  is  a 
favorite,  for  its  great  advantage  consists 
in  discarding  the  mention  of  a  surface 
unit..  A  pressure  of  2  or  3  atmos- 
pheres evidently  mean  that  this  pressure 
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is  applied  all  over  the  surface,  whatever 
it  may  be,  whereas  a  pressure  of  2  or  3 
kilogrammes  requires  that  the  surface 
acted  upon  be  either  mentioned  or  famil- 
iar enough  to  be  understood,  and  the 
conventional  one  is  the  square  cent- 
imeter. 

But  it  must  be  conceded  that  the  sec- 
ond mode  of  stating  pressures  is  clearer 
to  the  majority  of  minds.    It  applies  well 


also  to  very  high  pressures;  if  water 
passing  from  the  spheroidal  state  to  that 
of  steam  be  estimated  to  develop  a  force 
of  1000  atmospheres  we  shall  more 
nearly  conceive  an  effort  of  1000  kilo- 
grammes, or  rather  1  ton  per  square 
centimeter.  It  is  indeed  greatly  to  be 
regretted  that  physicists  should  have 
selected  such  an  unsatisfactory  unit  as 
the  atmosphere. 


THE  AQUEDUCT  OF  SEGOVIA. 

Prom  "Iron." 


The  great  marvel  of  Segovia,  the  great 
achievement  associated  from  time  im- 
memorial with  the  city  and  blazoned  in 
its  municipal  arms  as  its  proud  cog- 
nizance, is  the  Aqueduct,  or  "Bridge,"  as 
it  is  called — a  long  double  line  of  arches 
thrown  across  the  ravines  of  the  valley 
of  the  Eresma,  and  forming,  as  it  were,  a 
triumphal  arch  and  gate  of  the  city,  as 
the  traveller  drives  under  it  at  the  end 
of  his  journey  from  La*  Gran j a.  It  is 
called  a  Boman  building,  and  attributed 
to  Trajan,  the  Emperor  whom  the  Span- 
iards claim  as  their  countryman,  but  it 
bears  no  inscription,  and  apparently 
never  bore  any;  nor  does  any  record  or 
hint  occur  in  ancient  writers  either  of 
the  edifice  itself  or  of  Segovia  that  can 
furnish  a  clue  to  the  date  of  the  building 
or  the  name  of  the  builder.  To  doubt 
that  the  aqueduct  is  a  Boman  work 
would  be  little  less  than  heresy;  yet 
there  are  some  native  critics  who  timid- 
ly, and,  as  it  were,  with  bated  breath, 
venture  to  suggest  that  its  original  de- 
sign and  construction,  at  least,  may  be 
anterior  to  the  Boman  domination  of  the 
interior  of  Spain,  and  that  it  may  be 
claimed  as  the  achievement  of  those 
Celtiberian  or  other  indigenous  races 
who,  like  the  Etruscans,  Ligurians,  and 
other  native  Italian  tribes,  knew  some- 
thing about  architecture  before  the 
Bomans,  and  gave  their  masters  some 
useful  hints  in  that  art  in  which  they 
became  so  eminently  proficient.  This 
opinion  is  grounded  on  the  fact  that  the 
Segovian  Aqueduct  is  constructed  of 
large    blocks   of    stone  laid   one    upon 


another,  Cyclopean  fashion,  without 
cement  or  mortar,  in  the  style  of  which 
specimens  remain  in  the  walls  of  Tarra- 
gona, the  huge  stones  in  many  instances 
underlying  the  layers  of  Imperial  Boman 
masonry.  Another  argument  urged  in 
support  of  this  theory  is,  that  this  aque- 
duct, although  solid  enough  to  have 
withstood  the  wear  and  tear  of  at  least 
fifteen  centuries,  is  by  no  means  a 
"massive  building,"  as  the  guide-books 
call  it;  it  has  nothing  of  the  massive- 
ness,  loftiness,  and  grandeur  of  the 
arches  of  such  aqueducts  as  strew  with 
their  ruins  the  Campagna  of  Borne  or 
the  plain  of  Merida,  but  it  is  a  light, 
airy,  fairy  structure,  standing  on  very 
slender  pillars,  almost  miraculously;  and 
the  wonder  and  beauty  consist  precisely 
in  this,  that  the  architect,  whoever  he 
was,  contrived  to  give  his  work  just  the 
strength  he  needed  to  answer  the  pur- 
pose for  which  it  was  intended,  grudg- 
ing even  one  pound's  weight  of  material 
which  might  give  it  an  appearance  of 
heaviness  and  clumsiness,  and  clash  with 
the  general  look  of  the  monument.  So 
striking  is  this  masterly  adaptation,  this 
perfect  adequacy  of  the  means  to  the 
end,  so  flimsy,  fragile,  and  gossamer-like 
are  the  lines  of  this  marvelous  arcade, 
that  popular-  tradition  assigns  it  to  a 
supernatural  origin,  the  legend  being 
that  it  was  constructed  in  one  night  by 
the  devil,  enamoured  of  a  Segovian 
damsel,  whom  he  wished  to  save  the 
trouble  of  carrying  her  pitcher  up  and 
down  the  stream  to  fetch  water.  The 
truth  of  the  matter  is  that  we  are  very 
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much  iu  the  dark  as  to  the  development 
primitive  art  may  have  attained  in  ante- 
Roman  times,  among  races  flourishing 
under  the  blissful  influence  of  these 
Southern  climates.  They  have  in  Se 
govia  a  so-called  statue  of  Hercules  in  a 
convent  bearing  the  appellation  of 
Casa  de  Hercules,  carved  in  all  probabil- 
ity at  a  remoter  epoch  than  any  that  can 
be  assigned  to  the  Aqueduct;  and  they 
have  also  two  of  these  Toros  de  Gruis- 
ando,  of  which  Avila  boasts  four,  of 
which  there  were  sixty-three  in  the 
Peninsula  in  1598,  a  number  reduced  to 
thirty- seven  in  1820,  and  which  have 
been  a  puzzle  to  the  most  learned  anti- 
quaries — carved  masses  of  granite  in  the 
shape  of  quadrupeds,  but  worn  so 
smooth  and  out  of  all  shape  by  time,  and 
by  the  inclemencies  of  the  thousands  of 
winters  to  which  they  have  been  ex- 
posed, that  it  has  become  actually  im- 
possible to  ascribe  them  to  any  living 
sj)ecies,  extinct  or  living;  and,  though 
they  are  called  "bulls,"  they  are  various- 
ly described  as  huge  pigs,  elephants,  or 
hippopotamusses,  or  whatever  else  fancy 
names  them.  These  specimens  of  rude 
sculpture — probably  idols  of  a  primitive 
race — are  undoubtedlv  anterior  to  Roman 
times. 

I  could  not  hope  to  convey  any  dis- 
tinct idea  to  the  reader  of  the  magnifi- 
cence of  the  Segovia  Aqueduct,  by  the 
statement,  borrowed  from  a  very  able 
monograph  on  the  subject  by  Don 
Andres  Gomez  de  Somorrostro,  to  the 
effect  that  the  water  of  the  Fuenfria, 
running  through  the  Rio  Frio,  was 
brought  to  it  from  the  Guadarrama 
Mountains,  over  a  distance  of  10  or  11 
miles,  and  that  the  aqueduct  was  made 
to  go  through  several  bends  and  turn- 
ings, to  check  the  impetuosity  of  the 
stream,  running  216  feet  to  the  first 
angle,  462  feet  to  the  second,  and  937 
feet  to  the  third,  where  it  becomes  a 
bridge  spanning  the  valley  from  bank  to 
bank,  and  resting  at  the  end  on  the  solid 
rock  on  which  stands  what  is  left  of  the 
battlemented  walls  of  the  town.  The 
total  length  of  the  aqueduct  is  thus  1615 
feet,  and  consists  of  320  arches,  which 
begin  single  and  low,  but  rise  gradually 
as  the  ground  sinks,  to  maintain  .the 
level,  and  become  double,  one  tier  over 
another,  as  they  vault  over  the  gap  of 
the  valley,  over  the  stream  and  the  high- 


way, all  along  the  range  that  faces  the 

traveler,  as  lie  approaches  to,  and  pas 
under  it,  entering  the  town.     The  three 
central  arches  are  the  loftiest,  and  rise  at 
Leight  of  102  feet.     These  are  on  the 

nether  tier  surmounted  by  three  layers  of 
stone  somewhat  in    the   shape   of  B    step, 
intended  as  a  cornice  to  mark  tin   locality 
•  of  the  town-gate,  and  over  the  step  in  i 
of  the  pillars  of  the  upper  tier  are  scooped 
two  niches,  with  a  statue  of  the  Virgin  in 
the  niche  looking  to  the  town,  and  in  the 
other  at  the  back  a  nondescript  figure, 
that   priests    call    St.    Sebastian,    but    in 
which  the  Servians  fancy  they  behold 
the  effigy  of  the  Satanic  architect  of  the 
bridge.     No  words  and  no  picture  could 
convey  the  impression  wrought  upon  the 
traveler  by  the  sight  of  this  magic  build- 
ing.    The  whole  structure  is  of  granite, 
light  grey,  as  found  in  the  quarry,  but 
turned  by  age  to  a  light  pearl  and  purple 
tint,  glowing  like  jasper  in  the  deep  blue 
of   this  semi-Alpine  Castilian  sky.     The 
blocks  of  stone  on  a  near  inspection  seem 
to  have  been  laid  upon  one  another  clum- 
sily and,  as  it  were,  at  hap-hazard,  some 
of  them  so  daringly  jetting  out  and  hang- 
ing over  as  to  suggest  the  apprehension 
that  the  whole  fabric  may  at  any  time  col- 
lapse and  slip  down  to  the  ground  like  a 
castle  of  cards.    Yet  the  bridge  has  been 
standing  perhaps,  2000  years,  and  looks 
intact ;  and  the  design,  seen  at  a  proper 
distance,  is  a  model  of  ease  and  elegance, 
relying,  one  would  say,  on  mere  symmetry 
and   balance   for   solidity.      The   stones 
rudely  cut  in  large,  long,  square  blocks, 
bear  the  holes   of  the   iron   clamps  by 
which  they  were  hoisted  up  to  their  places; 
they  are  worn  smooth  and  almost  round 
by  time  and  storms,  but  sound  at  the 
core;  and  at  the  base  of  the  pillars,  as 
well  as  at  various  stages  up  the  shafts  and 
at  the  turning  of  the  arches,  there  are 
cornices  of  what  seem  to  have  been  black 
marble,    but    now   everywhere    chipped 
and  cracked  and  almost  altogether  fret- 
ted away. 

The  Aqueduct  is  the  only  thing  really 
living  in  poor  dead  Segovia ;  the  necessity 
of  securing  a  constant  supply  of  better 
water  than  what  flows  between  the  ravines 
of  the  Eresma  compelled  the  construction 
of  this  work  when  the  place  was  a  mighty 
city,  and  insured  its  preservation  as  the 
town  sank  year  by  year  to  its  present 
forlorn  and  dilapidated  condition.     The 
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Moors,  who  sacked  tlie  town  in  1071, 
pulled  down  thirty-five  of  the  minor  arches 
but  the  watercourse  continued  uninter- 
rupted, the  people  contriving  by  wood- 
work to  prop  up  the  wooden  trough  or 
pipe  running  at  the  top.  The  dismantled 
arches  were  restored  as  much  as  was  prac- 
ticable in  the  original  style  in  1483  by 
Queen  Isabella  the  Catholic,  and  the 
Aqueduct  has  suffered  no  outrage  from 
that  time.  What  is  more  properly  called 
the  bridge— i.  e.,  the  double  range  of  arches 
across  the  valley — escaped  even  the  rav- 
ages of  the  Arab  invasion.  There  is 
something  exalting  and  flattering  to  hu- 
man pride  in  the  contemplation  of  this 
edifice,  which,  like  the  Bantheon  at  Rome 
is  between  15  and  20  centuries  old,  and 
yet  not  a  ruin.  One  dreams  of  the  works 
of  men  that  have  risen  and  fallen  in  the 
adjoining  city,  while  the  aqueduct  has 
been  standing  and  performing  the  hum- 
ble, yet  vital,  service  for  which  it  was  in- 
tended, unmoved  by  the  joys  or  woes  of 
the  population  to  whose  most  pressing 
wants  it  ministered.  The  ancient  cathe- 
dral begun,  it  is  said,  in  the  6th  century, 
finished  in  the  12th,  where  councils  were 
held  and  kings  were  crowned,  used  as  a 
fortress  against  ruthless  enemies,  and  so 
ravaged  that  its  Holy  of  Holies  had  to  be 
removed  to  the  spot  where  the  present 
edifice  rose  in  1525;  the  Alcazar,  till  1866 
a  masterpiece  of  Royal  magnificence,  now 
a  mere  wreck,  destined  to  moulder  on 
the  ground  to  the  end  of  time ;  the  scores 
of  churches,  convents,  sanctuaries,  chap- 
els, and  hermitages,  crowding  the  streets 
of  the  town  and  its  suburbs,  some  of  the 
Lord's  houses  now  closed  from  want  of 
worshippers,  some  of  the  fat  fraternities 
dwindling  in  numbers  and  thinning  in 
flesh  as,  if  not  in  faith,  at  least  the  lavish 
charity  of  their  patrons  cooled  and  faint- 
ed; thefortress-palaceswhereproudnobles 
learnt  valor  and  courtesy,  then  sulked 
and  idled,  and  laid  aside  the  energies  and 
spirits  which  made  them  the  bulwark  and 
the  scourge  of  their  meaner  countrymen 
— all  that  made  Segovia  in  the  middle 
ages  and  unmade  it  in  modern  times — 
had  its  rise  and  fall,  its  life  and  death, 
during  the  long  period  since  the  Aqueduct 
first  threw  the  shadow  of  its  aerial  arches 
on  the  skirts  of  the  rocks  on  which  the 
city  stands.  Mighty  Castilian  kings  with 
their  host  of  iron-clad  warriors;  the 
sweet  and  pious  and  thrifty  Isabella  on 


her  palfrey,  with  her  crafty  Aragonese 
husband  and  her  Cardinal-Minister  by 
her  side;  the  popular  heroes  the  rebels 
Padilla  and  Juan  Bravo ;  the  sallow  and 
gloomy  Phillip  II.,  and,  perhaps,  Colum- 
bus and  Cortez,  and  a  host  of  minor  not- 
abilities, rode  centuries  after  centuries 
under  these  arches.  The  records  of  great 
events — the  long  war  against  the  Moors, 
the  formation  of  the  Spanish  Monarchy, 
the  extinction  of  the  people's  liberties, 
the  expulsion  of  the  Jews,  the  revolt  of 
the  Comineros,  the  decline  of  the  national 
character,  the  repeated  French  invasions, 
and  the  re-vindication  of  the  country's 
soil  from  the  hated  foreigner — all  seem 
engraved  on  those  slowly  yet  eternally 
crumbling  stones,  piled  up  by  the  con- 
stuctive  genius  of  a  man  who  will  be  for 
ever  nameless.  Those  swarms  of  swal- 
lows and  martens  which  hover  on  the 
wing  in  clouds  about  the  lovely  fabric, 
the  shrieks  of  which  are  almost  the  only 
sound  enlivening  the  air  in  the  stillness 
of  the  summer  sunset,  have  been  there 
— they  or  their  progenitors — ever  since 
those  arches  were  first  bowed.  The  clay 
of  their  nests,  hardened  by  ages,  has 
clung  to  those  stones  since  they  were 
laid :  generation  after  generation  of  these 
erratic  birds  have  come  back  year  by  year 
from  remote  regions  to  their  favorite 
haunts  in  those  stones,  and  have  found 
there  undisturbed  home  season  after  sea- 
son. Special  correspondence  of  The 
Times. 


The  Master  of  the  Company  of  Turn- 
ers, according  to  their  custom,  propose 
to  give  this  year  their  silver  medal,  the 
freedom  of  the  Company,  and,  subject 
to  the  consent  of  the  Court  of  Aldermen, 
will  also  obtain  the  freedom  of  the  City 
of  London,  for  any  workman,  whether 
master,  journeyman,  or  apprentice  in  the 
trade  in  England,  who  may  send  in  the 
best  specimen  of  hand  turning  in  either 
of  the  following  materials :  —  Wood, 
stone,  iron,  steel,  brass,  gun  metal  and 
phosphor  bronze.  Bronze  medals  and 
money  prizes  are  also  to  be  given.  Full 
particulars  may  be  obtained  by  applica- 
tion to  the  Secretary  of  the  Company  of 
Turners,  or  to  the  Phosphor  Bronze 
Company,  139  Cannon  Street. 

— The  Engineer. 
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ELEMENTS  OF  THE  MATHEMATICAL  THEORY  OF  FLVID 

MOTION.     PART  II. 

By  THOMAS  CRAIG,  Ph.D.,  Fellow  in   Physics  in  tlu-  Johns  Hopkins  University,  Baltimore,  Md. 
Written  for  Van  Nosthand's  Engineekinu  Magazine. 


III. 


§3- 


MOTION      OF 


A      HOMOdKNEOUSL     SOLID 
IN    A    FLUID. 


BODY 


The  investigation  can  be  divided  into 
the  solution  of  two  distinct  Problems: 
first;  given  the  motion  of  the  solid  body- 
to  determine  the  motion  of  the  fluid ;  sec- 
ond ;  to  determine  the  motion  when  given 
forces  act  on  the  body  and  the  fluid. 

Assume  the  axes  of  x,  y,  z,  as  fixed  to 
the  body,  the  axes  of  B,  t],  C,  as  fixed  in 
the  fluid,  the  latter  being  supposed  to  ex- 
tend to  infinity  in  all  directions,  and  no- 
where divided  into  regions  by  bounding 
surfaces,  giving  us  then  a  single  valued 
velocity  potential  <p.  Let  the  direction 
cosines  of  the  moving  axes  be  aifi1 .  .  .  y%, 
also  the  co-ordinates  of  the  moving  origin 
be  a,  ft,  y,  then  we  have 

v=6^ftlx  +  fttly  +  ftzz 
Z=y  +  y1v  +  y2y  +  y3z 

The  quantities  a  .  .  .  ys  are  of  course 
functions  of  the  time,  and  our  velocity 
potential  m  is  a  function  of  £,  r/,  £  The 
expressions  for  A2m  and 

are  unchanged  if  we  write  for  the  quan- 
tities B,,  77,  C,  the  quantities  x,  y,  z.  For 
since 

X=a1Z+/31T?+y£-(a1a+/31/3  +  yly) 

Z  =  a£  +  ftsi  +  yj:-(ala  +  psp  +  y2y) 


we  have 


dep     da)  dx     dep  dy     dep  dz 
dB  ~  dx  dB      dy  dB     dz  dB 


dep       dm         dm 
ax       dy  l 


dz 


„,.,,     ...  •  p  dm       n  dm 

W  ith  similar  expressions  01  -  —  and  — £ . 

dy  d% 


We  have  since  the  axes  are  rectangular 


&c. 


&c. 


By  observing  these  relations  we  obtain 
from  the  above  equations 


(3ff+w*(&f 


We  have  again 


dB2  ~  dx*  "  "*"  dy' 


d2m 
!frj2 
cF_cp 
d 


d2m 

+  dz'' ' 


t>3 


~dx2/l  +  dy2  p* 

d2cp  d2m  d2m 


dx 


dy' 


and  consequently 


*{x,y,z,)<P=A  (£,V^)<P----°- 

Now  let  u,v,w  denote  the  component  ve- 
locities along  the  axes  of  x,y,z,  respectively 
of  the  origin  of  these  axes,  also  p,q,7%  the 
components  of  angular  velocity  of  the  body 
with  reference  to  the  same  axes.  Then 
for  the  components  of  the  total  velocity 
of  any  point  x,  y,  z  of  the  body  in  the  di- 
rections of  x,  y,  z  respectively,  or  what  is 
the  same  thing  for  the  components  of  the 
velocity  of  any  fluid  particle  that  is  at 
rest  relatively  to  the  body,  we  have 

it  +  zq—yr 
v+xr—zp 
w  +  yp—xq 

If  the  body  were  at  rest  and  the  fluid 
particle  in  motion  or  vice  versa,  the  com- 
ponents of  the  velocity  of  this  particle 
would  be  given  by, 

dm     dm     dep 
dx*    dy'     dz 
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So  we  have  for  the  motion  of  the  fluid 
particles  relatively  to  the  body 


dx       dcp 

dx 


dt 


-u—zq  +  yr 


dy       dcp 

-f-~  -y~  —v—xr  +  zp 

dt       dy 


dz       dcp 
dt"  dz 


■w—yp  +  xq 


To  determine  the  absolute  motion  of  the 
fluid  particle,  that  is,  the  motion  rela- 
tively to  the  axes  of  £,77,  £,  it  is  of  course 
necessary  to  transform  these  equations 
by  means  of  the  ordinary  formulae,  so 
that  <?,?/,£,  shall  become  the  independent 
variables,  then  integration  will  deter- 
mine the  motion  of  the  particle. 

It  is  necessary  now  to  determine  cp 
subject  to  the  conditions  that  have  been 
frequently  referred  to,  viz:  that  it  shall 
be  single  valued  and  continuous,  that 
throughout  the  entire  fluid  mass  A^cp 
shall  =o,  that  cp  with  its  derivatives 
dcp 

dx 

is  easy  to  see  that  all  the  conditions  will 

be  satisfied.    By  assuming  cp  in  the  form 


—J--,    -j-  shall  vanish  at  infinity. 
cty     U/Z 


It 


(p^ncp^  +  vcp^  +  wcp^+pcp^  +  qcps+rcps 

We  have  for  the  velocity  of  any  point 
of  the  surface  of  the  body  in  the  direc- 
tion of   the    outer  normal  to  the   body 

-^-;  but  the  components  of  this  velocity 

parallel  to  the  axes  of  x,y  and  z  are 

ic  +  zq — yr 

v  +  xr—zp 
w+yp—xq 

and  consequently  for  the  normal  velocity 

dcp 

fa=Pty  cos(va)-«cos(vy)] 

+  q\_Z  COS(7/33)  —X  COS(^2)] 

+  r  [x  cos(vy)  —  ycos(rx)] 

+  ucos(vx)    +  vcos(ry)    +  wcos(vz) 

Then  at  the  surface  of  the  body  we  must 
find  the  following  conditions  to  hold 

dcp  ,  dcp 

-^=cos(vx),   -^=ycos(vz)-zcos(vy), 

-i-2=cos(ry),  -j-" = z cos  ( vx)— x cos  (rz) 

dcp.  ,         dcp 

-^f  =  cos(vz),    ^f=xcos(ry)-ycos(vx). 


These  equations  enable  us  to  determine 
the  functions  q>x  .  .  .  cp6  which  are  evi- 
dently dependent  only  on  the  form  of  the 
body.  Take  first  the  case  when  the  body 
is  an  ellipsoid;  we  found  for  that 

•     #=const.-;r(Aa;2  +  B2/2  +  C*2) 
and  that 

G    -5—4-  =COS(^2) 

dvdz  v    ' 

when  G  was  found  to  be = 2  7r(2  —  C) ;  thus 
we  have 

d2$ 

-- — —  =2^r(2  — A)cos(rcc) 
dvdx  ' 

d2$ 


drdy=2<2-^C°^ 

^-=27r(2-C)cos(vz) 
dvdz 

Substituting  for  cos  (v,x),  cos  (v,y)- 
cos  (vz)  their  values  as  given  above 

1  d*$      dcp1 


27r(2— A)  dvdx  dv 
1  d*<I>  _d<pi 

2tt(2-B)  dv~dy~~dv 
1  d2<P  _  dcp3 

dv 


2tt(2-C)    dvdz 

Integrating 

1 


d$ 


9, 


2tt(2-A)  dx 
1         dcp 

27r(2-B)  ~dy 
1         d& 


<3P'~2?r(2-C)  dz 

.   their  values  •  of 


If  we  write  lor  —  .   . 
dx 

—  27tA.x  .  .  .  these  can  be  written 


<P*  = 


9,= 


<P*= 


A-2 

B 
B-2 

C 

C-2 


x 


y 


Before  determining  the  quantities 
cpA,  cpb  and  cp6  it  is  worthy  of  notice  that 
for  a  sphere  we  have 


dcp4       dcpt 


dcp, 
dv 


dv         dv 
that  is,  the  normal  velocity  of  a  particle 
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at  the  surface  of  the  sphere  is  independ- 
ent of  any  motion  of  rotation  that  the 
sphere  may  possess:  we  shall  see  that 
this  is  true  for  any  particle  of  the  fluid 
mass  by  showing  that  (/>i  =  cp6=:  (pt=0. 
We  have  as  is  obvious 


dv      lJ  dv 


dv 


*<Pt=J<Pt_xd<P* 

dv      -  dv      '   dv 

dv 


dv      J  dv 


The  forms  of  <pA,  q>^  cp3  give  us  a  clue 
to  the  possible  forms  of  <p4,  cpb  and  <pfi. 
At  all  events  we  can  avail  ourselves  of  the 
analogy  and  see  if  we  can  find  constants 
H..  H2  and  H,  such  that  we  shall  have 


9 


.=H,(i 


d$      d$\ 

y~dz~*~dy) 
„  I  d<P       d$\ 

v>=Hz-d7c-x^) 


I  d$    d$\ 


Arbitrary  constants  will  satisfy  all  the 
conditions  imposed  on  these  quantities 
(pA,  (p&,  cp6,  but  it  will  be  necessary  to  find 
certain  definite  values  for  them  in  order 
to  satisfy  the  surface  conditions.  Now 
we  know  that 


dx  .  dy  .     . 

-r-=cos(ra),     /  =Q,os(vy) 
dv  v  dv  K  ^J 


and  also 
d$ 


d& 


=  -2nkx  —=-27zBy. 
dx  dy 


d*$ 


dvdx 

d20 

dvdy 


=  27t(z—  A) cos  vx, 


=27t(z— B)cos  vy. 


Differentiating    cp6,    and    substituting 
these  values 

dm.      _   id<P  n    ,      _ 

-^  =H,  ■{  -r-cosvx  +  x27t(z—Bcosvy 

dv  {  dy  v 

—  -j-  cos  vy— y2n{z— A) cos  vx  V 
therefore 

x  cos(v  y)-y  cos(vx) 

=2^H1[s«cos(ry)[2  +  (A  +  B)] 

-2/cos(kt)[2  +  (B-A)]] 


For  the  ellipsoid  we  have,  however, 

/       \  /       \  /  x     y     z 

COS(j';c)  :  cos(vy)  :  cos(k.I')  =  — , :  y-a :  - 


or 


x=h.  dlcos(vx) 
y=h .  b'coB(vy) 
z=h .  c*QOB(vz) 

Substituting  these  values  for  x  and  y 
in  both  sides  of  the  above  equations  we 
find  the  common  factor  cos  (vx)  cos  (vy) 
on  omitting  which,  the  equation  gives  us 


H  = 


a2-V 


2tt[>(«2-£2)  +  (A-B)(a2  +  ^)] 


and  in  like  manner  by  simply  advancing 
the  letters 


27r[2(62-02)-(B-C)(&2  +  ca)] 


H 


2  2 

c  —a 


27r[2(c2-a2)-(C-A)(c2  +  a2)] 


If  we  have  either  a=b  or  5=c,  that  is, 
if  our  ellipsoid  becomes  either  of  the  two 
ellipsoids   of   revolution,   the   constants 

A— B 

H  and  HQ  have  finite  values,  since— 5 — 73 
13  a  —  0 

will  be  finite  in  the  limit  as  elsewhere* 

The  quantities 

d&         d$ 

dy     t/  dx 
and 

d$        d$ 

V  -r  -z 


dz 


dy 


will,  however,  vanish  in  these  cases ;  thus 
giving  us  that  a  rotation  about  the  axis 
of  revolution  of  either  of  the  ellipsoids  of 
revolution  has  no  effect  upon  the  motion 
of  the  fluid.  Further,  as  the  coefficients 
of  all  three  of  the  finite  quantities  Hl5Ha, 
H3  vanish  in  the  case  of  the  sphere,  we 
have  that  no  motion  of  rotation  of  the 
sphere  produces  any  effect  upon  the 
motion  of  the  fluid.  We  know  the  value 
of  0  for  the  sphere,  the  volume  of  the 
sphere  divided  by  the  distance  from  its 
center  to  the  point  of  the  fluid  under 
consideration,  and  also  for  the  sphere  we 
have  A=B=C=f,  consequently 


<Pi  = 


R8  d 


2  dx 


1  Bs   d 


1 
2  dy'  r 


R8    d     1 


^.=-o--T- 


2  '  dz'  r 
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and  therefore 


E3 


d     1  d     1         c7     1 

c/sc  r  ay    r  as    r 


d2 


c?^  1 

Now  we  have-^  =  — -^-and  . 

dr  r  dxdr 

2x 


=  ——t-;   at   the   surface   of   the   sphere 
r 

~R=r  and  we  have  then 


dcp  _ 

dv 

dcp 


dcp         x  y        z 

—J-  =u l-v  -  +  w  - 

«E         r  r        r 


-—■  =uc,Q$>(yx)  +  vno^ivy)  +  wcos(Vz) 

the  condition  at  the  surface  of  the 
sphere.  If  we  take  as  one  body  a  ring 
whose  equation  is 

when  r=^x2  +  y2  and  the  vectorial 
angle  is  6,  we  have,  as  we  shall  see  here- 
after, for  its  potential  at  an  external 
point 

when  U  is  given  by  the  series 

sin  ,  sin, 


U=Pn  +  P  sm  *  sm       +Pcos^cos      + 


The  general  term  being 

nim  cos      cos 
P         .   nip  m    md 
sin      sin 

the  quantities  P  and  <p  do  not  depend 
on  x,  y,  z  so  that  we  shall  have  here 
again 

d$        d& 


x 


dy 


y  dx 


or  if  the  ring  simply  rotate  around  its 
axis  it  will  produce  no  effect  upon  the 
motions  of  the  fluid  particles. 

The  quantity  which  we  have  denoted 
by  T,  that  is,  the  energy  of  the  body  is, 
as  we  know,  a  homogeneous  function  of 
the  second  degree  of  the  quantities 
u,v,w,p,q,r,  and  is  positive.  We  have, 
when  no  external  forces  act  on  the  body, 
the  following  expressions  out  of  Analytic 
Mechanics  divided  from  T : 


d 

dt' 

dT 
du 

_  tdT 
dv 

dT 

dw 

d 

dt' 

dT 

dv 

dT 

dw 

dT 

du 

d_    dT_ 
dt   dw 


dT 
du 


-P 


clT 

dv 


dT_    dT       dT      dT 
dp~~     dv       dw       dq 


d 

dt 
d 

dt 
d 
d~i 


dT 
dq 


dv 
dT 
dw 


dw 

aYT 

du 

dT 


dT 

q~d7 


=  u-^-w^7+P--- 


dT 

dr 


dT 


dT 

dp 
dT 


dr        du        dv       dp       dq 


If  we  assume  that   the   body  has   no 

motion  of   rotation,  that  is  p=q=r=o, 

and  that  u,  v,  w  are  constants  fulfilling 

the  conditions 

dT   dT  dT 

u:  V  :  w  =  — -  :-^— :-^— 

du    dv    aw 

the  above  equations  will  be  satisfied,  both 
sides  being  =o.  But  if  p,  q,  r  are  equal 
to  zero  then  T  will  be  a  homogeneous 
function  of  the  second  degree  in  u,  v,  w, 
and  as  all  its  terms  are  positive  the  equa- 
tion 

T— const. 

must  be  that  of  an  ellipsoid,  the  co-ordi- 
nates of  any  point  on  which  are  u,  v,  w. 
The  determination  of  the  ratios  u:  v:  iv: 
will  now  coincide  with  the  determination 
of  the  principal  axes  of  this  ellipsoid.  If 
we  take  u,  v,  w,  parallel  to  x,  y,  z  then  the 
then  principal  axes  of  the  ellipsoid  will  co- 
incide in  direction  with  three  fixed  direc- 
tions cc,y,z  in  the  body,  in  any  one  of  which 
the  body  may  move  with  constant  velocities 
respectively  of  u,  v,  w  and  without  any 
motion  of  rotation.  If  the  ellipsoid  be  of 
rotation  the  body  can  move  in  the  direction 
of  the  axes  of  rotation  or  any  direction  per- 
pendicular to  that  direction  and  have  no 
motion  of  rotation.  A  sphere  can  move  in 
any  direction  without  having  produced  in 
it  a  motion  of  rotation.  Since  T  is  a  homo- 
geneous factor  of  the  second  degree  in 
u,  v,  w,  p,  q,  r,  we  have  by  Euler's  The 
orem 

nm       dT       dT       dT 
du       dv        dw 

dT       dT      dT 


dp        dq 


dr 


and  again  as  T,  u,  v  .  .  .  r  are  functions 
of  t  we  have 

dT_dTclu    clTdv  dT  dr 

dt  ~  du   dt     dv   dt  dr  dt 

but  from  the  last  equation  we  obtain 
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2*1- 
dt 

du  dT 

"  dt   du 

du  dT 

H -f 

dt    dv 

dr  dT 
dt  dr 

+ 

d 

u—  . 
dt 

dT       d 
du       ( U 

dT 
dv 

d 

dt 

dT 
dr 

combination 

of   the  last  two 

equations 

gives 

dT_ 

dt  ~ 

d 
dt 

dT 

du 

d  dT 

dt  dv 

d 

+  Wdt 

dT 

dw 

d  dT 

dt  dr 

Now  if  we  multiply  the  equations  of 

motion  as  above  written  by  u,  y,  w,  p,  q,  r, 

respectively,  and  add  them  together  we 

dT 
have,  by  observing  the  last  result  —  =o 

or  2T=F'aconst. 

Again  multiply  the  first  three  of  the 

dT     dT     dT 
equations  respectively  by  -=— ,    -=— , — — 

CtU        CI  V        €110 

and  add,  we  have  then 


d{/dT\2    /dT\2    /dT 
dt\\du)     \dv  J     \dw 


n- 


or 


hIT\2    /c/T\2    /^T\2_E/a  congt 
\du)     \dv  J     \dicj 

And  finally  multiplying  the  entire  set  of 


equations  by 


(IT    dT    dT    dT    dT  dT 
du     dv     dw'   dp'    dq'  dr' 

respectively,  and  adding  we  have  again 


after  integration 


dT  dT 
du 


dT  dT     dT  dT 


dp      dv    dq 


dw'  dr 


—  Qx'  a  const. 


Transformation  to  the  fixed  axes  £,?7,C, 
will  give  us  six  more  integrals.  The  new 
forms  of  the  equations  of  motion  are, 
after  integration  with  respect  to  t, 

dT        dT        dT     A, 

du       2  dv       %dw 


o  dT      .  dT     Q  dT 

du       2dv         dw 


:B' 


dT 

du 


dT 

dv 


ri-+v.j7+v^=c 


dT 
\lw 


dT         dT 
dp       *  dq        ' 


^=A"+B'r 

dr 


■<yp 


AdT     0dT      adT     _„     „,        ., 


dT 
dp 


dT 
dq 


dT 
dr 


y^+n^+r,— =c"+a'/?-b'« 


A',  B',  .  .  .  C"  being  arbitrary  constants' 
Squaring  and  adding  together  the  first 
three  of  these,  wo  have,  by  virtue  of  the 
relations  among  the  direction  cosines 

A'3  +  B'u  +  C'a=E' 

and  again  without  difficulty 

A'A"  +  B'B"  +  C'C"=G' 

The  motion  of  the  body  is  completely 

known  if  the  quantities  a  ....  y^  which 

determine   its   position   at   any    time   t. 

These  can  be  determined  now  as  will  be 

seen  if  the  quantities  u,  v  .  .  .  r  can  be 

assigned  as  certain  definite  functions  of 

i  dT     dT     dT 
t.     If  we  regard  -=—  >   -7-  ?    -5-      as     the 
du      dv     dw 

components  of  the  velocity  of  a  point  in 
the  directions  of  the  axes  cc,  y,  z,  respect 
ively,  then  the  quantities  A',  B',  C,  will 
be  the  components  of  these  velocities  in 
the  directions  of  £,  rj,  C  respectively; 
now  if  we  take  the  axes  of  C  in  the 
direction  of  the  resultant  of  the  veloci- 
ties, we  will  have  necessarily 

A'=B'=o. 

This  being  a  perfectly  legitimate 
transformation,  we  will  now  assume 
A;=B'  =  o.  Multiply  the  equations  for 
A',B',C  by  ax,pi,yx  then  by  a2,/?2,r2>  and 
finally  by  a3,  p9,  y3,  and  add  the  separate 
results;  we  have  thus 


1  dT 


1  dT 


1  dT 


r>     C  du     r*     C  dv'   T*~C  dw 

If  we  introduce  the  polar  angles  $,<p,cp 
by  means  of  the  equations 

ax  =  —  cos  cp  cos  4>  cos  $ — sin  cp  sin  <p, 

fi=—  sin  cp  cos  (p  cos  3"  +  cos  cp  sin  (p, 

y^cosfi  sin 3 

aa=  —  cos  cp  sin  (pcosB'A-  sin  cp  cos  (p, 
fi2  =  —  sin  cp  sin  tp  cos  $  —  cos  cp  cos  4>, 

y2  =  sintpsmS' 
a2=     cos  cp  sinS-, 

P%—    sin  cp  sin  3, 

y%  =  cos$. 

The  expressions  for  yx  and  ya  give  for  ip 


therefore 


and  also 


tan0=— 2 

~l[clT  s  clT 
(  dv  '  du 
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cv       -1  (  1  rfT  I 

From  the  expressions  for  /?3  and  a3  we 
have 

tan  cp=  —  which     gives    cos2g?=^ — - — -„ 

By  virtue  of  the  relation  a32  +  /?32  +  ya2  =  l 

Differentiating   this   and   solving    for 
dcp  and  we  obtain 

a  ^ —  — s 

But  we  have  for  dft2  and  </a3  certain 
known  values,  viz : 

^A  =  (A2'— A^)^j  da^^q-a^dt 
consequently 

1       '2 

which  on  substituting  the  values  of  rx 
and  r„  becomes 


dcp=C. 


dT        dT 

die         dv 

/dry  /dry 

\du  )     \dv  ) 


dt 


We   can   obtain   another   value  for  ip 
which  is  worthy  of  notice.     We  had 

tan  ip=  —  which  gives  cos2y;  =  — — - — - 

Since  r^  +  r/.+r^l;    differentiating 
this  and  solving  for  dtp  we  get 

df=  r,dr -rjr, 

1       '2 

but    dr^^r—r^dt,  dr^{r%p—rxr)dt^ 
consequently 


i     '   '  a 


or, 


d<p =gob  $d  cp — rdt 

from  which  we  have  finally 

d(p= 
dTdT        dT  dT 
du  dw         dv  dvi 


&& 


/dry  /dry 

\du)     \dv) 


dt 


This  can  be  obtained  by  direct  differen- 
tiation of  the  previous  value  given  for  tp. 
This  gives 


d<p_dTd  dT 

dt  ~  du  dt  dv 


dT  d  dT 

dv  dt  du 


'dT 

ulv 


dry 

du) 


dT  d_  dT 
du  dt  dv 


/dry  /dT\ 

\  die  I     \dv  I 


IdT^dTY 

\dv  '   du) 
dT  d_dT 
dv' dt  du 

2~~ 


Substituting  for  -y- 


dT 
du 


and 


d 

dt 


dT 

dv 


their  values  from  the  equations  of  motion 
of  the  body  and  we  obtain  the  result 
given  above.  We  have  now  the  means 
of  determining  the  motion  of  the  body  if 
the  origin  of  x,  y,  z  remains  stationary. 
To  determine  the  completely  general 
motion  then,  we  have  as  yet  to  find  the 
values  of  the  quantities  a,  /3,  y  which 
gives  the  position  of  the  origin,  as  func- 
tions of  the  time.  We  can  assume  with- 
out any  loss  of  generality  that  A"=B" 
=  o.  Then,  since  we  had  A.'=W  =  o,  we 
have  from  the  equations  which  gave 
A"  and  B" 

1  /  a  dT      0  dT      0  dT\ 


fl: 


dp 
dT 


J7      dT 
C'l"1  dp 


+  «„ 


dq 

dT 

dq 


dT\ 


dr 


For  r  we  have  since  —  is  the  velocity 

of  the  origin  of  xyz  in  the  direction  of  6", 
dr 


dt 


=r1u  +  riv  +  rtw 


From   which   by   giving 
values  as  above  found 


dr_l^/    dT 

dt~C'\~du 


+  v 


dT 


dv 


^  f  f 

'iJ'a''  3 


dT\ 

aw/ 


their 


There  are  certain  cases  when  all  of  our 
results  are  much  simplified  by  certain 
simplifications  that  T  may  receive.  The 
quantity  denoted  by  T  is  the  energy  of 
the  entire  system.  This  is  divided  into 
two  parts,  that  due  to  the  fluid,  or  call- 
ing p  its  density, 

when  cp  is  the  velocity  potential :  second 
that  due  to  the  body 
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2T"  =f(l>n[(u  +  zq-yry  +  {v  +  .rr-zj,y 

+  (w+J#>— xq)*] 

We  may  if  we  choose  write  for  these 
two  expressions  two  other  more  general 
ones  which  contain  the  remaining  quan- 
tities of  the  second  order  which  can  be 
formed  ont  of  the  quantities  u,  i\  .  .  r  . 
Thus  for  twice  the  energy  of  the  fluids 
write 

'IT'  ^a^u2  +  %!  v:uc  +  *2<i  x:sinc  +  2u  xu}>  +  .  . 

+  (^ra  +  2a34?^+  .  . 

and  for  twice  that  of  the  body 
2T'=ftut«»+2*I1t*w+2*18t«o+2ft14wp+.. 

+b%tV*  +  2b„W>  +  2b9Avp  +  .  . 

+  £33w2  +  2£3^y>  +  .  , 

the  sivm  of  these  or  twice  the  energy  of 
the  sytem  we  may  write 

2T  =  e11u*  +  2c„uv  +  2c13mo  +  2cliiip  +  •  • 
+  c„v*  +  2c23mo  +  2c24^  +  .  . 

"We  have  in  each  of  these  expressions 
21  constants.  Bnt  only  fifteen  of 
these  exist  in  reality  as  none  of  the  terms 
uv,  mo,  vie,  up,  vq,  to?',  have  any  existence 
in  the  expressions  for  the  energy.  Sup- 
pose the  body  to  be  symmetrical  with 
respect  to  one  of  the  co-ordinate  planes, 
say  ass,  then  there  are  twTo  points  (x,  y,  z) 
and  (,r,  —  y,  z)  either  of  which  being  sub- 
stituted in  the  expression  for  the  energy 
must  leave  this  quantity  unaltered.  Or 
what  is  the  same  thing,  we  may  reverse 
the  direction  of  the  axis  of  y  and  T"  must 
remain  unaltered.  Wre  see  from  the  inte- 
gral expression  for  T"  that  the  quan- 
tities 

wp—ur,  gr,pq 

are  multiplied  by  y  they  will  therefore 
change  signs  and  consequently  their  co- 
efficients b3i,  b16,  bb6,  bib  are  equal  to  zero. 
Also  we  have  as  above  remarked 

or  finally  if  the  body  is  such  that  we  can 
change  y  into  —  y  Ave  will  have 

If  we  can  change  z,  into  —z,  we  shall 
have 


b=b=l>=b.=b.=b. 


and  finally  if  we  can  reverse  x 

With  respect  to  T'  the  energy  of  the 
fluid  similar  results  are  obtained,  but 
necessarily  in  a  different  manner.  We 
had 

cp-inp^vcp^iocp^pxp^qcp^rcp^ 

also 

dep       dep,       <!q)n        dep 
-j-  =u-P  +  v  -p  +w-p 
dv  dv  dv  dv 


dm. 


qd-P  +  rlp 

x  dv        dv 


By  partial  integration  of 

and  observing  the  above  relations  we  can 
write  it  as 


-%/dacp-^ 


dv 

the  integration  being  extended  over  the 
surface  of  an  infinitely  great  sphere  which 
we  may  suppose   to   contain   the   fluid. 

Now  from  the  values  given  of  —~ .  .  -~ 

dv        dv 

we  see  that  for  a  reversal  of  the  axis  of  y 

that   **i  ,  2fe  ,  ip   do   not  alter  but 
dv      dv      dv 

~t—  >  —rA  '  — T—  change  signs,  and  we 
dv      dv      dv 

can  obtain  from  this  fact  that  wL,  cp2,  cpz 
do  not  change,  but  that  cpt,  q?b,  cp(,  do 
change  their  signs  by  reversing  the  di- 
rection of  y.  Now  we  had  by  virtue  of 
the  above  expression  for  the  energy 


\x=-pfaa<px 


a 


dv 
dep 


dep 


..=  -pfdeipt  ^-s=  -p/dff9,  -£ 


Take  for  example  a12:  this  integral  has 
at  the  points  (x,y,z)2Liid(x,—y,z)  oj:>posite 
values,  and  consequently  ct^  =  o  and  we 
have  as  before 

and  similar  expressions  if  we  can"  reverse 
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z  or  x.  Thus  finally  we  have  for  the 
energy  of  the  system  in  the  case  when 
there  is  symmetry  with  respect  to  the 
plane  xz 

C(135)(246)  =  0 

and  for  symmetry  with  respect  to  yx  and 
zy  respectively, 

C(216)  (354)  =  0,    C(324)  (165)  =  0. 

If  the  body  be  symmetrical  with  re- 
spect to  both  of  the  planes  xz  and  yz  we 
shall  have  for  the  energy 

2T=c,y+cIy+c33«>'+c4y 

We  have  thus  reduced  the  number  of 
the  coefficients  to  8.  Now  suppose  that 
we  can  rotate  the  axes  of  x  and  y  about  z 
through  an  angle  Cleaving  T  unchanged. 

The  formulae  for  the  rotation  are,  as  is 
well  known, 

x=  x'cosS  +  y'smS' 
y  =  —x'sm  3-  +  y'cosS 
z  =  —z; 

we  have  also 

u=     w'cosS' +  v'sinS", 

p  =    jp'cosS  +  </'sin3- 

v = —  M'sinS"  +v  'cosS-, 

q=  — pfsin$  -j-  q'cosS 

w=wr     r=<?f 

Using  the  accented  letters  gives  us 

2T=C11  V3  +  C2>'2  +  CJw'*  +  c44y 2 

+ c55V 2 + c66v 2 + 2c1>y + 2c2>  y 

Substituting  in  the  previous  value  of 
T  for  u,v,  and  w  their  values  in  terms  of 
u',v',wf,  and  similarly  for  p,q,r,  we  have 

2T^'2[Cncos2£  +  C22sin25] 

+  v  '2[Cnsin25  +  C22cos2S]  +  wfiCas 

+^'2[C44eos25  +  C5Bsin25] 

+  ^2LC44sin?/  +  C55cos2^]-fr,2C6e 

+  ^  V[(Cn  ~  QJcosSsinS] 

+/?T(C44-C56)cosSsinS] 

+  2w^TC15cos25-C24sin25] 

+  2yy  [C24cos2^-C15sin25] 

+  2(v'q'  -  w>')  [(C15  +  OJcosSsinS] 

Equating  to  zero  the  coefficients  of 
u'v\p'q\  and  v'q'—u'p'  since  these  can- 
not enter  into  the  value  of  T,  and  we 
have 

^n=CM   C44=C6B  C1B=— C94 


Now  the  two  expressions  for  T  are 
identically  equal,  consequently 

11  — U2-2  — ^11     —^22    >044-05  5-U44    ~^5  5    9 
^66  —  ^66^15  =  ^15/=  "~^24—  _  ^24^33  =  ^33 

Thus  we  have  for  T 

2T  =  Cn  (^2  +  v*)  +  C,y  +  C44Qe2  +  q2) 

+  C66r2  +  2C1B(w£ -*•/>)• 

Suppose  now  that  the  axes  remaining* 
parallel,  we  slide  the  origin  along  the 
axes  of  z,  giving  us 

x=x',  y=y',  z=z'  +  a, 
and  then 

u=u'—ay',  v=v' -t-ap',  w==w', 
p=p',  q=q',  r=rr, 
and  that  we  have 

O^+t^' +  0,^+0^+/) 

+  Cer>  +  2C15(uq-vp) 
Cn  V2  +  «'")  +  C33  W2  +  c44(y 2  +  q*) 

+ c66v2 + 2o16'(mY  - vy ) 

the  same  process  that  we  pursued  before 
will  now  give  us 

11^-^11    •>    ^33  —  ^33    9    ^66  —  ^    66 

044=C44'  +  2aC,5'  +  a2C1,' 
0,=C1/  +  2aCn' 

Now  from  this  last  we  can  clearly  have 
by  a  proper  determination  of  a,  that  is 
of  the  origin 

and  we  shall  then  have  for  the  energy 

2T = 0„  (u"  +  »•)  +  0„«'  +  Cti{p>  +  q')Cy 

This  case  that  we  have  finished  of 
symmetry  about  an  axis  evidently  inoludes 
all  bodies  of  rotation,  and  all  right  prisms 
or  pyramids  having  square  or  regular 
hexagonal  right  section.  If  the  body  is 
symmetrical  with  respect  to  two  axes  as 
a  sphere  or  regular  octahedron,  it  is  easy 
to  show  that  we  have 

2T=C1>2  +  y2  +  io*)CJp*  +  q"  +  r2) 

In  the  case  of  the  sphere  we  have  seen 
that 

z      dx    r 
this  together  with  the  equation 


lx=-pfd<r<px{ 


dv 

gives  us  for  the  increase  of  mass  of  the 
sphere  due  to  the  influence  of  the  fluid, 
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£  — B*=  to  half  the  mass  of  the  displaced 

—     o 

fluid 

The  assumption  that  the  body  is  one 
of  revolution  necessarily  simplifies  much 
the  equations  of  motion.  If  we  assume 
then  a  solid  of  revolution  or  haying  that 
character  we  have  for  twice  the  energy  o\' 
the  system 

2U=C11(«,+»,)C„M*+C„(p'+j")C.,r' 

Substituting  this  in  the  equations  of 

motion  ami  they  become 

0„-g|=Ouw-0M«s 
OuJ=-Cll«r+0,,«>p 

C„J=(C1I-C,JWe+(C„-CJ2r 

C,15=(C3-Cn)«t,+  (C06-C4>- 


and  the  fourth  and  fifth  combined 

0„5  =(0„-Ou)«,fein;t 


'li- 
cit 


I     CO..  A 
eft  ~~  ( 

woos^+C„r 

We  have  already  obtained  the  following- 
integrals: 

2T=F' 

©■♦©•♦©■~ 

<ZT  «iT     dT  tfT     tfT  <7T        , 

du   dp      dv    dq     dw'  dr  ~ 

The  new  forms  of  the  first  members  of 
these  are  respectively 

CnP+C„W"+C„V+CMr'=F' 
GJF  +  G„'w*  =E' 

C„CMtw  +  011CMttco8;t     =  G' 

Remembering  now  that  r  is  constant, 
introduce  the  following  constants: 

E'        „     F'-fCr'+i)  G' 


=  o 


or  ?■= const. 


r  v 

Now  we  had  — =tan0=-  and  so  we 
i\  u 

can  write  u=\cos<p,  w=Asin^.  We  can  if 
we  wish  now  introduce  a  new  angle  x  such 
that 

^=eot(*+*) 

from  this  we  can  have 

jp=Acos(^+£) 
£=Asin(^+;r) 

and  as  a  result  of  these  transformations 

if  +  v^l2  p*  +  q*  =  A\ 

udu  +  vdo  —  Idl,  pdp  +  qdq = A  t? A , 

wp  +  vg  =  Ucos^,  uq  —  vp = Usin^, 

Pcty = udv  —  vdu,   \*(dtp  +  dx)  =pdq — qdp ; 

The  first  two  of  our  equations  now  gives 
us 

Cn-^=-C33^sm£ 

and 

°ii"5=     C^jcos^-C,/ 

the  third  becomes 
c7to 


C. 


F--(C66r2+Q 


c. 


'-ft)'/'- 


c. 


c„c 


>  <? 


0»C.,r 


c«     '  '      o„c„ 


Thus  we  can  now  have  for  the  quanti- 
ties Z,A,  and  l\co&x  the  following: 


l=Ve— e' 


w 


l\cosx=(/—(/'w 

and  consequently 

g-g'w 


cosj= 


v/«-e'«»V/-;V 


CM™  =     CnUsmZ 


sinA=  <s/(e-e'tf)(f-f'w*)-{ff-g'y>y 

V(e-eV)(/-/V) 
which  gives 

asinA:=A/(e-e,w,)(/-/V)-(^-^lw)i 


using  this  value  in 


088^=Cnasin^ 


and  we  obtain 


~~  r,  J 


dw 


0xy   <s/(e-e'v?)(f-J"tf)-{g-g'Wy 

The  quantity  under  the  radical  in  the 
denominator  is  a  quartic  function  of  w 
with  real  coefficients  of  the  form 
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(but  with  M=o).  The  integral  is  there- 
fore elliptic,  and  by  the  usual  methods 
for  transformation  can  be  brought  into 
the  standard  form.     We  also  have 


I'- 


rt  + 


& 


/, 


(g  —  g'w)wdw 


(e-e'w*W{e-efw%f-fw*)-{g-g7wy 

In  the  case  of  a  sphere  we  will  find  by 
pursuing  the  same  method  as  above 

p= const,     q— const.     r= const. 

if  =  v*— io2  =  const. 

that  is  the  velocity  does  not  vary  with 
the  time,  we  will  also  find 


t: 


4> 


■Si 


dw 
(e-w')f^(g-rwy 

{g—dw)iodw 


/dw 
I  p. — w  '2 }  f—  ( a  —  rw ) " 


zz.  —  rt 


(e—w*)^/f(e-w2)  —  (g-rw) 

We  can  assume  now  special  cases  of  the 
motion,  and  attempt  to  find  the  integrals 
of  our  equations.  If  the  motion  in  the 
direction  of  the  axis  of  y  is  equal  to  zero 
we  shall  have     ■ 

v  =p=r=o 

and  our  equations  will  become 

du  _ 


elliptic  function  of  the  form  sin  Xt,  then 
we  can  represent  w  by  one  of  the  form 
cosA£,  and  then  these  conditions  implied 
in  the  above  relation  between  u  and  w 
will  be  satisfied.     Now  the  equation 

dw     C„ 

suggests  the  form  of  q.     For  we  have 

d  cosXt 


dt 


■=  -  Asin/U  duXt 


C 


dt 

dw 

Hi 

dq 


=     O^q 


0^=     (C33-Cn)m0 

Multiply  the  first  of  these  by  u,  the 
second  by  w,  and  add 

~       du  dw  ._.       ..  . 

"U  ~dt  +    33^  S"™  ~  (   33~  Q^uwq 

Combining  this  with  the  last,  multiplied 
by  q,  and  we  obtain 

Ciy  +  C3y  +  Ciiq'=const=¥f 

Multiplying  the  first  by  Cnw,  and  the 
second  by  C33w,  and  adding  and  we  have 
again 

OnV+C93X=eonst.=E' 

From  this  last  equation  we  see  that  if 
we  represent  u  by  a  function  that  in- 
creases with  the  time,  we  must  represent 
w  by  one  that  decreases  with  the  time. 
Suppose    that    we    represent   u   by    an 


but  w=sinAtf,  then  rq  can  be  given  as 
duXt.  It  is  obviously  necessary  to  intro- 
duce other  constants  so  we  may  write 
u,w  and  q  as  follows : 

u= a  b  sin  Got 
to  =  ac  eosGQt 
q=aci  ducat 

There  are  here  in  all  five  constants 

as,ac,ad*  go,  Jc 

two  of  them  are  then  arbitrary  and  may 
be  taken  as  two  of  the  constants  of  inte- 
gration. Suppose  now  that  the  body 
suffers  no  displacement  in  the  directions 
of  the  axes,  that  is  the  origin  of  x,  y,  z  is 
fixed,  and  in  consequence 

This  gives  for  T 

Substituting  again  in  our  equations  of 
motion  and  they  become 

±=_    (Qee  ~  C  J 

dt  C 


rq 


14 


*_    (c66-c44) 


dt 


C 


pr 


4  4, 


fly* 

—  =o  or  r= const. 
dt 

C    —  C 

Represent  the  factor  r     fi6     •  44   by    b 

44 
then  these  equations  are 

-     dp  r 

•     ~dt  =  ~^ 

dt=  b* 

from  which  follows 

p*  +  q2  =  const.  =  ax 
We  can  then  write 
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2)  =  <tlCOXGJt 

q=zaxBULQOt 

when  co  is  easily  seen  to  be 

-CH* 

assume  j>=q=o.     Then  we  have 
2T=C^+t?)+CMto9+0./ 

and  the  equations  of  motion  arc 
du 
dt 
dv 
dt 


b2  +  u 


_(&9-c9)g9  +  (q'  -c9) 


c*A-w= 


3a 


-r-  =  7T 


—  =  -  W 


and  consequently 
vV  +  u)(&9+w)(c9  +  w) 

=(a9  -  c")  V(aJ*  + 1)[(&9  -  c>9  +  (a9  ■ 

These  being  substituted  in  the  value  of 
A  give  us 

'lnhc 


A=  - 


a'  -  <• 


dt 

d, 


=  o     or  w = const. 


-=-=o     or  r= const. 

the  first  two  gives 

«2  +  v2=const. 
or 

U  =  b£OSGDt 

v=b1Bmcot 

w=gx 

these  are  the  equations  of  a  helix,  that  is 
the  points  of  the  body  in  this  case  des- 
cribe helices  whose  common  axis  is  par- 
allel to  the  axis  of  z. 

In  concluding  this  chapter  we  will  give 
a  brief  account  of  the  integrals  that  we 
have  denoted  by  A,  B,  C  respectively. 
We  had 


A=abc 


j 


x 


du 


(«2  +  u)  a/  (a2  +  u)  (b2  -f-  u)  (c2  +  u) 


assume  e  = 


a'  -  & 


with  k" 


c 
b*  -  c9 


and  as  usual  k*= 


a2-V 


a-& 


y%v<* 


dx 


+  l)[(&9-c9)*9  +  (aa-c9)] 


=R 


dx 
x      r 


+  k'x- 


'  ~$ 


when 


R=- 


2abc 


(«2-c2)f 
Now  let  ic=tanO,  the  limits  of  6  being 

71 

oand^  as   those  of  x  are  manifestly  o 

and  go  . 

dx=sec26dd 

hence 

n 

2 

dd 


A=R 


/  sec 


/ 


-if 


ksm'ddd 


Vl-^sin2^ 

{l-k*sm26)d6-d0 


-w 


A(d) 


,     Introduce  a  new  van- 1  and     since     1  "  k* sin^  =  l^(d)T     this 
a*  ~  c'  becomes 


able  x  instead  of  u  and  defined   by  the 
equation 


n= c' 


2  3 


x- 


From  this  we  have 


.  22e2         Ja2-c>) 

du=  -  c  —,  =  -  2- = — 

x3  x3 


and 


a2  4-  2< 


_(a3-c2)(a;a  +  l) 


X' 


and  finally 


R  jE'-F' 


R  c?E' 


F'  and  E'  denoting  the  complete  elliptict 
integrals  of  the  first  and  second  kinds. 
We  have  next 

_       _      /»  du 

J  (b*  +  ii)^/a2  +  u)(b2  +  u){c2  +  u) 


312 


VAN   NOSTRAND'S   ENGINEERING  MAGAZINE. 


Making   the  same   transformations  as 
before  this  becomes 


=R 


dx 


so 


=B/ 


tan2  6  sec  #<% 


=*/ 


(l+&/2tan2#)f 
cos36Han20  sec0  dO 


R 


V(6)y 


dd        dd 


*/- 


sin'Odd 
[A(6)J 


~    k2\S  AS     [A6y 
and  finally 


&2 1  &'2 


Again  we  have  for  C  the  expression. 
oo  du 


0,—dbcj 


0«/  ,  (a2  +  w)  Va2  +  u)  (b*  +  w)  (C2  +  u) 


Transforming    as    in    the    preceding 
cases  this  becomes 

t&nd  d6 

Rj    /4  +  &'2tan2fl  fd6\ 

~  F2(  J        A  (6)  J  Ad  J 


=B/ 


Integrating  by  parts  this  becomes 
_R(    A']~,  /»-&2sra26> 


^\fA6^-fd^dd_V 


which  gives  finally 

C=-^2[Z/0tan0-E] 

A/ 

The  reader,  desirous  of  further  inform- 
ation upon  the  subject  treated  in  this 
section,  is  referred  to  papers  by  Kirch- 
hoff  and  Boltzman,  in  volumes  70,  71,  73, 
78  of  Crelles  Journal,  also  one  by  Bjer- 
kues,  in  the  Proceedings  of  the  Societe 
des  Sciences  at  Christiana  for  the  year 
1871.  It  is  from  these  papers  that  the 
matter  contained  in  the  previous  pages 
is  drawn. 


ON  MAGNETIZATION  OF  STEEL  DURING  HARDENING. 

From  "  The  English  Mechanic." 


It  is  known  that  in  production  of 
permanent  magnets,  the  steel  is  first 
hardened  and  then  magnetized,  because 
in  hard  steel,  though  the  temporary  mag- 
netism is  less,  the  fixation  of  the  magnet- 
ism succeeds  better.  After  Scoresby  and 
E.  Becquerel  proved,  however,  that  the 
tempory  magnetism  of  steel  continuously 
increases  up  to  a  dark  red  glow,  it  seemed 
probable,  that  remarkably  powerful  per- 
manent magnets  might  be  obtained  if  the 
magnetization  were  effected  during  the 
very  process  of  hardening.  Experiments 
in  this  direction  were  made  by  Ponitz  in 
1821,  also  by  Robison,  Aime,  and 
others.  These  researches,  however,  are 
not  quite  convincing  in  their  results; 
partly  because  of  the  paucity  of  the 
experiments,  and  partly  because  of  the 
lack  of  accurate  description  of  the  two 
methods  used,  and  comparison  of  their 
results.  Herr  Holtz  has  therefore  been 
led  to  take  up  the  question  anew,  since, 


also,  it  is  one  of  considerable  theoretical 
and  practical  interest.  His  researches  are 
described  in  the  Annalen  der  Physik. 

To  get  comparable  results  it  was  de- 
sirable to  operate  with  two  exactly  simil- 
ar steel  bars,  in  the  same  way,  with  the 
same  magnetizing  force,  except  that  in 
one  case  the  force  should  be  made  to  act 
after  hardening,  in  the  other,  during  this 
process.  As  means  of  magnetization, 
Herr  Holtz  used  in  the  first  half  of  his 
experiments  an  electro  magnet,  in  -  the 
other'  a  magnetizing  spiral.  The  current 
was  supplied  by  one  to  three  Grove  ele- 
ments. The  steel  bars  were  round  and 
of  various  thickness.  They  were  all 
125mm.  long,  and  from  the  same  works. 
The  same  bar  could  be  Used  three  times 
without  any  important  difference  appear- 
ing in  its  magnetic  behavior.  All  the 
bars  were  quenched  when  at  a  bright 
red,  so  that  during  the  magnetization  all 
points   had   passed  the  dark  red  glow. 
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Each  pair  of  bars   was   heated   to   the 
required  degree  as  regularly  as  possible 

in   a   wood   charcoal    tire:   then    one   bar 

quenched,  and  afterwards  the  other, 

after  and  while  the  magnetizing  force 

I  on  it.  The  time  of  this  action  was 
tnds.  Then  the  first  bar  was 
exposed  to  the  same  magnetizing  force 
for  the  same  time.  The  time  of  magnet- 
ization of  both  bars  thus  amounted  to 
somewhat  over  thirty  seconds,  during 
which  time  the  intensity  of  the  current 
certainly  remained  constant.  Other  bars 
were  being  heated  during  the  magnetiz- 
ing process.  Thus  20  to  30  pairs  could 
be  treated  in  1^  hour.  The  magnetism 
measured  by  the  method  of  oscilla- 
tion, each  bar,  suspended  by  a  long 
cocoon  fibre,  being  let  swing  under  the 
magnetic  force  of  the  earth,  and  ob- 
served with  a  telescope  having  cross 
threads. 

We  will  not  here  pursue  far  the  details 
of  the  two  methods.  Where  an  electro- 
magnet was  used  a  portion  of  the  end 
was  left  free  of  wire,  and  the  coil  was 
also  protected  from  the  water  (used  in 
the  hardening  process)  by  an  envelope. 
The  bars  were  fixed  in  holders,  with 
which  they  were  pressed  against  the 
bent  poles  of  the  electro- magnet.  In 
the  case  of  a  magnetizing  spiral  being 
used,  tins  was  protected  by  being  wound 
round  a  copper  tube  with  end  plates,  and 
surrounded  by  a  metallic  cylinder.  The 
width  of  the  inner  tube  was  more  than 
double  the  diameter  of  the  thickest  bar 
to  be  inserted,  so  that  the  water  might 
get  freely  to  the  latter;  and  the  renewal 
of  the  water  was  insured  by  moving  the 
case  in  it.  Experiments  were  made,  in 
both  cases,  with  constant  and  with  vari- 
able magnetizing  forces,  and  under 
special  conditions. 

The  general  result  was,  that  the  mag- 
netization during  'hardening  is  only  con- 
ditionally superior  to  ordinary  magnet- 
ization. The  explanation  of  this  follows 
from  the  explanation  of  the  more  special 
results,  which  Herr  Holtz  expresses  in 
the  following  propositions: 

The  superiority  of  magnetization  dur- 
ing hardening  decreases, 

1.  Where  the  magnetizing  force  in- 
creases. 

2.  Where  the  thickness  of  the  bar 
increases. 

3.  It   is   greatest,    where,    with   weak 
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magnetizing  force,  the  bar  is  at  the  same 
time  partly  withdrawn  from  the  action  of 
Hie  means  o\'  magnetization. 

1.  It  is  least,  or  passes  into  an  inferi- 
ority,    where    with    great    magnetizing 

force  a  great  thickness  of  bar  is  used. 

The  third,  pr  ^position  is  only  a  conse- 
quence of  the  first,  the  fourth  a  conse- 
quence of  the  first  and  second.  Herr 
Holtz  proceeds  to  indicate  what  he  con- 
siders the  reason  of  these  effect 

With  regard  to  the  practical  bearing 
of  the  above,  it  appears  that  magnetiza- 
tion   during    hardening    could    furnish 
magnets  wliich  were  over  six  times  as 
strong  as  those  produced  by  the  ordi- 
nary method  of  magnetization.    But  their 
absolute   strength  was  extremely  small, 
because   it   was   only   with    exceedingly 
weak  magnetizing  force  that  so  great  a 
difference  appeared.    The  more  the  latter 
increased,  the   more   did  the  difference 
diminish,  till  at  length  the  difference  he- 
|  came  in  favor  of  the  ordinary  mode  of 
I  magnetization.      With     the     maximum 
:  magnetizing     force    used,    three     large 
!  Grove  elements  and  a  coil  of  600  wind- 
ings, a  bar  with  even  the  thickness  of 
;  6mm.  was  better  magnetized  after  Tiard- 
!  ening  than  during  it.     But  for  produc- 
tion    of     strong     permanent     magnets 
stronger  forces  would  probably  be  used. 
Nor  did  the  permanent  magnetism  of 
the   bars  magnetized  during  hardening 
seem   to    offer   a   greater    resistance   to 
i  external  influences. 

The  conclusion  therefore  (from  these 

and  other  considerations)  is  reached  that 

:  magnetization  during  hardening  presents 

|  no  practical  advantage  whatever  over  the 

■  ordinary  method  of  magnetization. 


Boeing  for  coal  has  commenced  about 
half  a  mile  on  the  Auckland  side  of  the 
Mercer  (New  Zealand)  station;  there  are 
encouraging  signs  of  a  good  seam  of  coal 
underlying  at  no  great  depth  from  the 
surface.  In  1878,  149,266  tons  of  coal 
were  imported  into  the  colony  from 
Newcastle,  N.S.W.,  and  138,984  tons 
were  raised  in  New  Zealand  itself.  The 
latter  is  supplied  to  consumers  at  about 
half  the  price  of  the  former.     Waikato 

j  coal  is  supplied  to  the  railway  authorities 
at   8s.   9d.   per  ton,  and   Bay  of   Island 

I  coals,  one  of  the  best  steam  coals  known, 
to  the  steamers  at  12s. 
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THE  THEORY  OF  ICE  MACHINES. 

By  M.  LEDOUX,  Mining  Engineer. 
Translated  from  "Annales  des  Mines"  for  Van  Nostrand's  Magazine. 

III. 


Chapter  IV. 

MACHINES    EMPLOYING    CHEMICAL    ACTION. 

§  34.  It  remains  to  discuss  the  ice 
making  machines  which  employ  chemical 
affinity  in  their  mode  of  action,  and  of 
which  the  ammonia  machine  of  M.  Carre 
is  the  type. 

Fig.  5  exhibits  the  disposition  of  the 
parts  of  this  apparatus.  It  consists  of  a 
boiler  A  which  contains  a  concentrated 
solution  of  ammonia  in  water;  this 
boiler  is  heated  either  directly  by  a  fire 
as  shown  in  the  figure,  or  indirectly  by 


pipes  leading  from  a  steam  boiler.  The 
condenser  B  communicates  with  the  upper 
part  of  the  boiler  by  the  tube  aa\  it  is 
cooled  externally  by  a  current  of  cold 
water.  The  refrigerant  C  is  so  con- 
structed as  to  utilize  the  cold  produced ; 
the  upper  part  of  it  is  in  communication 
with  the  lower  part  of  the  condenser  by 
means  of  the  tube  bb.  The  details  of 
the  construction  are  not  shown  in  the 
figure.  An  absorption  chamber  D  is 
filled  with  a  weak  solution  of  am- 
monia ;  the  tube  cc  puts  this  chamber  in 
communication  with  the  refrigerant  C. 


Fig-  5. 


The  absorption  chamber  communicates 
with  the  boiler  by  two  tubes.  One  dd, 
leads  from  the  bottom  of  the  boiler  to 
the  top  of  the  chamber  D;  the  other, 
ff,  leads  from  the  bottom  of  D  to  the  top 
of  the  boiler.  Upon  the  pipes  ff  is 
mounted  a  little  pump  whose  use  is  to 
force  the  liquid  from  the  absorption 
chamber  where  the  pressure  is  main- 
tained at  about  one  atmosphere,  into  the 
boiler,  where  the  pressure  is  from  8  to 
12  atmospheres. 

The  change  of  temperature  is  managed 
through  the  attachments  to  the  pipes  ff 
and  dd  in  a  manner  that  will  be  easily 
comprehended  by  an  inspection  of  the 
figure. 

To  work  the  apparatus  the  ammonia 
solution  in  the  boiler  is  first  heated. 
This  releases  the  gas  from  the  solution 
and  the  pressure  rises.     When  it  reaches 


the  tension  of  the  saturated  gas  at  the 
temperature  of  the  condenser,  there  is  a 
liquefaction  of  the  gas,  and  also  of  a 
small  amount  of  steam.  By  means  of 
the  cock  h,  the  flow  of  the  liquefied  gas 
into  the  refrigerant  C  is  regulated.  It 
is  here  vaporized  by  absorbing  the  heat 
from  the  substance  placed  here  to  be 
cooled.  As  fast  as  it  is  vaporized  it  is 
absorbed  by  the  weak  solution  in  D. 
The  small  quantity  of  watery  vapor  is 
carried  along  mechanically. 

Under  the  influence  of  the  heat  in  the 
boiler  A,  the  solution  is  unequally  satur- 
ated, the  stronger  solution  being  upper- 
most. 

The  weaker  portion  is  conveyed  by 
the  pipe  dd  into  the  chamber  D,  the  flow 
being  regulated  by  the  cock  g,  while  the 
pump  sends  an  equal  quantity  of  strong 
solution    from    D    back   to   the    boiler. 
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"While    these    exchanges    are    brought 

alu>ut  in  the  solutions,  there  is  also  an 
exchange  of  temperatures  whereby  the 
weak  liquid  arrives  cold  in  the  absorp- 
tion chamber,  and  the  Btrong  solution  is 
delivered  in  the  boiler  hot. 

The  working  of  the  apparatus  depends 
upon  the  adjustment  and  regulation  of 
the  cocks  g  and  //,  and  of  the  pump;  by 
means  of  these,  the  pressure  is  varied, 
and  consequently  the  temperature  in  the 
refrigerant  C  controlled. 

It  is  Been  that  the  working  is  similar 
to  that  of  the  machines  described  in  the 
preceding  chapters.  The  chamber  D 
nils  the  office  of  aspirator,  and  the  boiler 
A  plays  the  part  of  compressor. 

The  mechanical  force  producing  ex- 
haustion, is  here  replaced  by  the  affinity 
of  water  for  ammonia  gas;  and  the 
mechanical  force  required  for  com- 
pression is  replaced  by  the  heat  which 
severs  this  affinity  and  sets  the  gas  at 
liberty.  We  see  then  in  advance  that 
we  shall  again  find  a  greater  part  of  the 
equations  already  established  in  the  dis- 
cussion of  the  liquefiable  gas  machines. 

?  35.  We  will  assume  at  first,  that 
under  the  influence  of  the  heat  applied 
to  the  boiler,  ammonia  gas  only  is  driven 
off,  and  no  steam.  We  will  assume  a 
certain  weight  of  the  gas  to  enter  the 
boiler  in  a  state  of  solution;  being 
heated,  it  will  be  separated  from  the 
water,  requiring  a  certain  quantity  of 
heat  which  we  will  call  Q'.  Then,  being 
conducted  to  the  condenser,  it  will  be  ' 
cooled  and  then  liquefied,  and  will  im- 
part to  the  water  surrounding  the  coils  a 
quantity  of  heat  Q,.  In  the  refrigerant 
it  is  evaporated,  borrowing  from  the 
exterior  a  quantity  of  heat  Q;  it  is  next 
absorbed  by  the  liquid  in  the  chamber  D, 
disengaging  a  certain  amount  of  heat  to 
the  liquid  (which  may  be  deducted  from 
the  total  amount  required  in  the  boiler) ; 
and,  finally,  it  is  reconveyed  to  the 
boiler,  where  it  arrives  in  its  original 
condition.  By  reason  of  the  exchange  of 
temperature  effected  at  E,  all  the  heat  of 
the  weak  solution  going  out  of  the  boiler, 
is  restored  to  the  strong  solution  enter- 
ing it,  so  that  the  changes  of  tempera- 
ture in  the  water  are  effected  without 
expenditure  of  heat. 

In  the  complete  cycle  if  wre  neglect  the 
small  amount  of  work  performed  by  the 
pump,  and  the  heating  and  cooling  due 


to  contact  with  the  air,  it  is  clear  that  all 
the  heat  from  external  sources,  being 
Q*  from  the  boiler,  and  Q  from  the 
refrigerant,  will  be  equal  to  the  amount 
Q,  carried  away  by  the  water  of  the 
condenser. 
We  have  then 

Q'=-Q,-Q  and  the 

efficiency  will  be  expressed  by 

Q 


which  is  identical 

with  that  found  for  the  machines  depend- 
ing on  mechanical  action. 

Q'  the  quantity  of  heat  which  it  is 
necessary  to  expend  in  order  to  produce 
the  quantity  Q  of  negative  calories,  being 
equal  to  Q,  — Q,  has  the  same  value  as 
the  quantity  AWr>  the  calorific  equiva- 
lent of  the  mechanical  wrork  expended  in 
the  machines  previously  discussed,  to 
produce  this  same  quantity  Q  of  negative 
calories.  We  proceed  to  show  that  be- 
tween the  same  limits  of  temperature  in 
the  condenser  and  refrigerant,  and  for 
the  same  value  of  Q,  the  quantity  Q'  in 
this  class  of  machines,  is  equal,  very 
approximately  at  least,  to  the  quantity 
AWr. 

We  arrive  then  at  this  remarkable 
result ;  that  in  all  the  ice  machines,  when 
they  work  between  the  same  limits  of 
temperature,  the  theoretic  quantity  of 
negative  heat  produced  is  exactly  same 
for  each  calorie  expended,  whether  it  is 
directly  produced  by  chemical  action,  or 
indirectly  under  the  form  of  mechanical 
work. 

But  as  a  calorie  represented  by  424 
kilogrammeters  costs  in  the  best  heat 
motors  an  expenditure  of  at  least  10  cal- 
ories in  the  fire,  it  would  seem  that  the 
chemical  machines  possess  a  considerable 
advantage  over  all  the  others,  since  in  these 
latter  the  heat  is  employed  directly,  and 
not  under  the  expensive  form  of  mechan- 
ical work.  Practically,  however,  this  ad- 
vantage is  much  less  than  that  which 
seems  to  result  from  the  above  calcula- 
tions;  as  we  will  proceed  to  show. 

§  36.  We  will  assume  the  hypothesis 
mentioned  in  the  beginning  of  the  pre- 
ceding section,  and  determine  the  quan- 
tities Q',  Qj  and  Q  in  terms  of  the  tem- 
peratures, the  pressures  and  weights  of 
the  gas  employed. 

We  will  preserve  the  notations  of  the 
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previous  chapter.  T,  being  the  absolute 
temperature  of  the  gas  as  it  enters  the 
condenser;  T/  its  absolute  temperature 
in  the  condenser,  and  T2  the  absolute 
temperature  in  the  refrigerant. 

Let  m  be  the  weight  of  the  gas  con- 
sidered, occupying  the  volume  V2  at  the 
temperature  T2,  and  under  the  pressure 
P  at  its  entrance  into  the  absorption 
chamber. 

Let  AU  be  the  internal  heat  at  the 
temperature  T ;  qe  the  heat  necessary  to 
raise  a  kilogram  of  water  from  0°  to  1°. 

After  the  gas  has  been  absorbed  by 
the  water,  the  absolute  temperature  of 
the  mixture  will  be  T'2. 

During  the  process  of  absorption  of 
the  gas,  there  is  an  amount  of  external 
work  accomplished  equal  to  P2(V2  —  w),  w 
being  the  volume  of  water. 

The  difference  in  internal  heat  before 
and  after  this  operation  is  equal  to  this 
external  work.     We  have  then 

qe  \  +  mAU/-  qe  2  -  wiATJ  =APa(Va  -  w). 

The  solution  is  conveyed  to  the  boiler, 
and  there  heated  until  all  the  gas  is 
driven  off.  It  then  occupies  the  volume 
V  under  the  pressure  P1?  and  at  the 
temperature  Tr 

The  necessary  quantity  of  heat  Q"  is 
equal  to  the  difference  in  quantities  of 
internal  heat,  augmented  by  the  exterior 
work  accomplished.  This  work  is  equal 
to  P  (V  -ic)  less  the  work  of  the  pump, 

(P-P>. 
We  have  then 

Q>'=^-?/2+mAU-mAUa 

+  APl(V-i0)-A(P-P2)i0. 

Adding  this  equation  to  the  preceding, 
member  to  member,  we  find 

Q"=7?.  ■-<?* .  +  ™A(U -TJJ  +  AP.V ,-AP.V, 
This  equation  is  established  without 
taking  account  of  the  effect  of  exchange 
temperature.  There  is  furnished  to  the 
solution  which  enters  the  boiler  a  quan- 
tity of  heat  precisely  equal  to  qei-qe^ 
The  quantity  of  heat  Q'  to  be  supplied 
by  the  boiler,  in  order  to  bring  the 
pressure  of  the  gas  from  P2  to  PJ?  and 
from  the  temperature  T2  to  Tx  is  then 

Q'=mA(U1-U2)+AP1V-AP2V2     (107) 

The  equations  101  and  105  gave,  in 
case  of  compression  by  a  mechanical 
force, 


AWr=mA(U1-U,)  +  AP^-AP.V, 
which  is  identical  with  the  preceding. 

We  have  then  Q'=AWr  provided  that 
the  temperature  T3  in  the  case  where  the 
change  of  pressure  of  the  gas  is  obtained 
by  the  heat  combined  with  the  chemical 
action,  is  the  same  as  in  the  case  where 
the  change  is  due  to  a  mechanical  force. 
Experiment  proves  that  it  is  nearly  so. 

It  appears  that  the  temp  era  ture  to 
which  it  is  necessary  to  heat  the  am- 
monia solution  to  obtain  a  given  press- 
ure is  higher  as  the  solution  becomes 
weak.  Now  in  the  ice  machines  the  so- 
lution conveyed  to  the  boiler  contains 
rather  Less  of  the  gas  as  the  pressure  in 
the  refrigerant  becomes  more  feeble. 
We  understand  therefore  how  the  tem- 
perature Tx  ought  to  increase  as  the  tem- 
perature T2  of  the  refrigerant  diminishes. 
Unfortunately,  precise  experiments  upon 
this  point  are  wanting. 

A  series  of  observations  made  by  M. 
Rouart  upon  a  Carre  machine  is  here- 
with given. 

The  first  column  of  each  table  gives 
the  absolute  pressures  in  atmospheres 
and  kilograms  ;  the  second  the  tempera- 
tures observed  in  the  boiler ;  the  fourth, 
the  temperatures  of  water  in  the  con- 
denser ;  the  fifth  column  gives  the  tem- 
peratures of  the  liquefied  gas  corre- 
sponding to  the  pressures  in  the  first 
column  (see  table  in  §  22);  the  tempera- 
tures are  those  of  the  interior  of  the 
condenser,  and  are  naturally  more  ele- 
vated than  the  exterior. 

In  the  case  of  mechanical  compression 
the  final  temperature  T3  is  related  to 
the  initial  temperature  and  to  the  initial 
and  final  pressures  as  expressed  by  the 
equation  (100) 

AB 


T,=T5  §)  » 


The  third  column  of  the  table  gives 
the  temperatures  calculated  by  this  for- 
mula, supposing  T2=243  and  Pa=ll,918. 

For  the  mean  pressures  the  calculated 
temperatures  coincide  nearly  with  the 
observations.  For  the  higher  pressures 
the  calculated  pressures  are  higher  than 
the  observed.  But  it  is  necessary  to 
remark  that  in  this  case  the  watery 
vapor  mixed  with  the  gas  exerts  a  great- 
er influence,  and  that  the-  true  gas  press- 
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Pressure  in  Boiler. 

Temperature  of  Boiler 

Temper- 
ature of 

,  Tempera- 

ture 

Differ- 

water  of 

inside 

Remark  <. 

con- 

of 

ence. 

Aim. 

KM* 

Observed. 

Calculated 

denser,   condenser. 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

IH 

15,601 

48 

— 

9 

— 

— 

a 

20,0(58 

58 

— 

9 

— 

— 

35,886 

65 

— 

9 

— 

— 

3 

81,002 

70 

— 

9 

— 

— 

86,168 

75     . 

— 

9 

— 

— 

4 

41,336 

80 

— 

9 

— 

— 

4(5.503 

84 

— 

9 

— 

— 

5 

51,(570 

88 

— 

9 

— 

— 

66,887 

99 

— 

9 

— 

— 

6 

(50. 01)4 

94 

— • 

9 

— 

— 

(57.171 

100 

— 

10 

— 

-    ( 

The  gas  liquefies 

74.9-21 

106 

106 

ID 

15.0 

5.0   ■{ 

and  the  apparatus 

7H 

77.505 

108 

109 

10 

16.1 

6.1    / 

begins  to  work. 

8 

8S.672 

112 

116 

12 

18.0 

6.0 

BK 

87.839 

116 

121 

13 

20.0 

7.0 

. 

9 

93,006 

120 

127 

14 

21.7 

7.7 

98,173 

124 

132 

15 

23.3 

8.8 

10 

103,340 

128 

137 

17 

25.1 

8.1 

10 

10S.507 

132 

142 

17 

26.7 

9.7 

11 

113,674 

136 

147 

19 

28.1 

9.1 

12 

123,998 

142 

156 

24 

31.0 

7.1 

13 

134,332 

146 

164 

30 

32.8 

2.8 

14 

144,666 

152 

172 

35 

36.0 

1.0 

15 

155,000 

156 

180 

37 

38.0 

1.0 

15 

155,000 

158 

180 

39 

38.0 

— 

Absolute  pressures. 

Temperature  of  Boiler 

Temper- 
ature of 

Tempera- 
ture of 

Differ- 
ence of 
tempera- 
tures. 

condenser 
water 

interior  of 
condenser 

Observations. 

Atm. 

Kilog. 

Observed. 

Calculated 

(observed). 

(calculat'd) 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

3 

31,002 

73 

— 

8 

— 

— 

4^ 

46,503 

90 

— 

8 

— 

— 

5 

51,670 

94 

— 

8 

— 

— 

Wz 

56,837 

100 

8 

— 

— 

6 

62,004 

103 

— 

8 

— 

— 

6^ 

7 

67,171 

72,338 

106 
110 

— 

8 
9 

14.1 

.if 

The  liquefied 

?K    , 

77,505 

118 

109 

10 

16.1 

gas  appears. 

8 

82,672 

124 

116 

12 

18.0 

6.0 

%% 

87,839 

130 

121 

14.5 

20.0 

5.5 

9 

93,006 

136 

'  127 

15 

21.7 

6.7 

$Vz 

98,173 

140 

132 

16 

23.3 

7.3 

10 

103,340 

146 

137 

17 

25.1 

8.1 

10& 

111,089 

147 

145 

19 

27.4 

8.4 

llg 

121,423 

148 

153 

16(?) 

30.4 

14. 4(?) 

13 

134,332 

148 

164 

16(?) 

32.8 

16.8  (?) 

14 

144,666 

154 

172 

35 

36.0 

1 

15 

155,000 

160 

180 

38 

38.0 

0 

15# 

160,167 

163 

180 

38 

40.0 

1 

ures  ought  to  be  sensibly  less  than  the  are  brought  about  exactly  as  in  the  case 
pressures  which  have  served  as  a  basis  of  the  machines  acting  by  mechanical 
for  calculation.  force.     We  shall  have  then,  as  in  ?  27, 

The    condensation   in   the   condenser  Qi  =  w>  (T, -T/) -f-m?*/, 


and  the  evaporation  in  the  refrigerant, 


V."?.'-** 
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Q=m(l  -  x2)r2=mr2  -  m(qf-  £,). 

L 

0.001     v0 


m- 


un  + 


following    tables 


give    the 


The  two 
results  of  calculations  for  one  cubic 
meter  of  ammonia  gas,  for  temperatures 
in  the  condenser  ranging  from  +15°  to 
+  40°.  In  the  first  the  temperature  of 
the  interior  of  the  refrigerant  is  taken  at 
-  15°.     In  the  second  table  it  is  -  30°. 

The  numbers  in  the  last  column  are 
calculated  on  the  supposition  that  a  kilo- 
gram of  coal  burned  yields  4000  calories. 


First  case :  t„ 


15c 


m 


=lk.932. 


O  h 

«f-i 
o 

t3 

o  <£ 

co 

o    • 

1  a 

03 

B  * 

03  03 

03 

2  Sd 

H  fan  o3 

PrS 

.  P 

C3   P-H 

03   O 

CO    P 
03    O 

<T3 

CO     03 

03  n3 

.s  § 

03    P 

eoretic 

er  kilo 

of  CO 

ft  ° 

ftr^ 

r2     ^ 

2s  a, 

*E  p 

O   13 

^  5? 
o.o 

03  «W 

03  «tH 

<u 

03-^ 

03 

-p  s 

A  ft 

H  u 

H 

o 

fc 

H  ft 

H 

deg. 

deg. 

cal. 

cal. 

cal. 

cal. 

cal. 

15 

67.77 

638.71 

564.83 

73.88 

7,645 

30,580 

20 

81.74 

640.76 

554.49 

86.27 

6,427 

25,708 

25 

95.69 

642.61 

543.98 

98.63 

5,515 

22,060 

30 

109.61 

644.12 

533.29 

110.83 

4,813 

19,252 

35 

123.47 

645.53 

522.43 

123.10 

4,244 

16,976 

40 

137.27 

646.57 

511.31 

135.26 

3,779 

15,116 

Second  case:  £=—  30°, 


o  y 

O 

03      . 

>     >H 

o  8 

CO 

03 

o     • 

+3 

1  a 

.{H     O) 

03 
5    ^ 

0)    03 

03    03 

03 
O 
p 

M    faJDC3 

p^ 

£~ 

co   P 

73 

CO    03 

.a  § 

03  a 

O  o  o 

.  P 

03    O 

03    O 

.£    O 

03  T3 

O    M'..  . 

ft  o 

a° 

ft-Q 

a 

03 

alori 
bye 

faX)^ 

03 

•Cfl 

O    03 

u  p 

o  o 

03«fj 
-P    03 

heor 

per  1 

of 

H    U 

deg. 

Q 

£ 

QJ   03 

H    ft 

H 

deg. 

cal. 

cal. 

cal. 

cal. 

cal. 

15 

106.07 

361.77 

293.04 

68.73 

4,263 

17,052 

20 

121.61 

364.09 

287.57 

76.52 

3,771 

15,084 

25 

137.13 

366.31 

282.01 

84.30 

3,345 

13,380 

30 

152. 6L 

368.38 

276.35 

92.03 

3,003 

12,012 

35 

168.03 

370.31 

270.60 

99.71 

2,714 

10,856 

40 

183.38 

372.09 

264.71 

107.38 

2,465 

9,860 

The  results  indicated  by  the  preceding 
tables  are  large;  they  vary  from  9,860  to 
30,580  negative  calories  for  each  kilo- 
gram of  coal  burned.  We  are  far  from 
attaining  such  results  in  practice. 

We  have  omitted  in  our  calculations  to 
take  into  account  two  conditions  which 
modify   largely  the   theoretical   results: 


1st.  The  necessity  of  cooling  the  ab- 
sorption chamber  so  that  the 
solution  of  the  gas  may  be. readily 
accomplished. 

2d.  The  influence  of  the  water  carried 
along  with  the  gas. 

We  will  now  examine  the  influence  of 
these  two  causes  of  loss. 

§  37.  When  ammonia  gas  dissolves  in 
water,  considerable  heat  is  disengaged. 

M.  M.  Fabre  and  Silbermann  have  meas- 
ured this  heat  of  solution,  and  found  it 
equal  to  514.ca33  for  each  kilogram  of  gas 
dissolved. 

The  liquid  of  the  absorption  chamber 
being  employed  continually  in  dissolving 
the  gas  from  the  refrigerant,  rises  rapid- 
ly in  temperature,  and  as  the  solubility 
diminishes  with  the  temperature,  it  soon 
reaches  a  condition  at  which  it  ceases  to 
work.  To  insure  successful  working  it 
is  necessary,  therefore,  to  treat  the  ab- 
sorption chamber  to  a  current  of  cold 
water  in  such  a  manner  as  to  maintain  a 
constant  temperature.  We  will  suppose 
this  to  be  the  same  as  that  of  the  con- 
denser t/. 

If  we  denote  by  Q/  the  quantity  of 
heat,  of  which  the  absorption  chamber  is 
relieved,  we  shall  evidently  have 


or 


.Q^Qx  +  QZ-Q. 


On  the  other  hand,  the  gas  arriving  at 
the  condenser,  is  always  mixed  with  a 
certain  quantity  of  steam,  usually  about 
6  or  8  per  cent.  By  employing  a  solu- 
tion of  calcium  chloride  instead  of  pure 
water  for  a  solvent,  the  amount  of  watery 
vapor  is  reduced  to  about  three  per  cent. 

The  presence  of  the  steam  reduces  the 
efficiency  to  a  notable  extent.  It  carries 
off  a  portion  of  the  heat  of  the  boiler, 
and,  having  arrived  in  the  refrigerant,  it 
does  not  evaporate,  but,  by  holding  a 
portion  of  the  ammonia,  prevents  it  from 
volatilizing.  It  impedes  the  action  then, 
nearly  in  the  same  way  as  the  waste 
spaces  in  the  mechanical  action  ma- 
chines, but  to  a  greater  extent. 

We  will  proceed  to  determine  the 
influence  of  this  introduction  of  water. 

Let  m,  as  before,  be  the  weight  of  gas 
sent  out  from  the  boiler;  jli  the  weight  of 
water  accompanying  it,  and  the  quantities 
r  and  q  affected  by  the  index  e,  shall  re- 
late to  the  water. 
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When  the  mixture  passes  into  the  con- 
denser,  the  steam  becomes  liquid,  ami 
absorbs  a  certain  weight  in'  of  gSS;  and 
Ave  have 


,    0.001 /*,'/< 

in  — 1— 


(108) 


($'  being  the  coefficient  of  solubility  by 
volume  of  the  gas  in  water  whose  tem- 
perature is  %{\  —   being  the  weight  of  a 

cubic  meter  of  gas  at  this  temperature. 

According  to  Carina,  the  coefficient  of 
solubility  of  ammonia,  a  gas  in  water,  is 
represented  by  the  empirical  formula 

/0=lO49.624-29.4963*+O.676873<9 

-0.0095621**. 

The  quantity  of  heat  Q,  which  will  be 
absorbed  by  the  condenser,  is  equal  to 
the  quantity  of  heat  necessary  to  lower 
the  temperature  of  the  weight  m  of  gas 
from  ti  to  tx\  plus  the  quantity  of  heat 
necessary  to  liquefy  the  weight  m—m' 
of  gas,  plus  the  quantity  of  heat  neces- 
sary to  liquefy,  and  raise  to  the  tempera- 
ture * '  the  weight  f.i  of  steam,  plus  the 
heat  disengaged  by  the  solution  of  the 
weight  m'  of  gas. 

We  shall  have  then 

Ql=m^(TI-Tl0  +  (m-m,)r1,+Ai 

(f«»-f#i/+',.1)+i»V'     (109) 

calling  s/  the  heat  disengaged  by  the 
solution  of  one  kilogram  of  ammonia  gas 
in  water  having  the  temperature  £,'. 

The  mixture  passing  into  the  refriger- 
ant, a  certain  quantity  of  the  liquefied 
gas  is  volatilized  until  the  pressure  and 
temperature  become  equal,  respectively, 
to  P2  and  T2,  the  pressure  and  tempera- 
ture of  the  refrigerant.  The  water  will 
retain  in  solution  a  weight  m"  of  gas, 
given  by  the  equation, 

„     0.001/V 


(110) 


The  quantity  of  gas  volatilized  (m-iii')x^ 
is  found  by  the  equation 

(m  —  rn')xj\  +  (m'  —  m")  ") 

«,=(m-m')  (ql-qi)+  Mill) 
+  ^/-^  +  ™^(T/-T2)       ) 

The  quantity  of  negative  head  realized 
is 

Q=(m-m')(l-aj,)rfl         (112) 


The  quantity  of  heat  Q/  which  it  is 
necessary  to  supply  to  the  absorption 
chamber  in  order  to  maintain  a  constant 
temperature,  is  equal  to  the  heat  arising 
from  the  solution  of  m — m"  weight  of 
gas,  minus  the  heat  necessary  to  raise 
the  wright  m  of  gas  and  the  weight  yu  of 
water,  from  Ta  to  T/. 

Q/=(m-m')V-mCp(Tl'-TJ 

-/<(?e /-?*,)       (HA) 

The  quantity  of  heat  Q'  which  it  is 
necessary  to  employ  at  the  boiler,  is 
equal  to  Q,  +  Q,'  — Q-  We  have  then, 
applying  the  above  values, 

Q'=m[cp(T1-T/)+<]  +  (m-.m') 

[A/-A2-c„(T/-T2)]  + 

+  K~™")(V-*.)+M*1«-$re/) 

The  heat  of  solution  s  varies  probably 
with  the  temperature  and  the  pressure  of 
the  gas,  but  we  do  not  know  the  law  of 
this  variation,  and  we,  therefore,  assume 
this  quantity  to  be  constant  and  equal  to 
514.3  calories,  as  found  by  Favre  and 
Silbermann,  for  ordinary  temperatures 
and  pressures. 

Making  s/=s2=:5  in  the  above  equation 
it  becomes 

Q'^mlcpCT-T/)  +s]  +  {m-mf) 
[V-^-^TZ-T,)]-^6-^)  (115) 
we  have  further 


m 


0.001      v. 


M„ 


or 


^  38.  The  two  following  tables  exhibit 
results;  the  two  cases  of  §  36  are  taken, 
supposing  that  the  weight  of  watery 
vapor  carried  over  is  5  per  cent,  of  the 
weight  of  the  gas  circulating. 

If  we  compare  the  figures  of  these 
tables  with  those  of  §  36,  we  find  that 
the  cooling  of  the  absorption  chamber, 
and  the  presence  of  watery  vapor, 
reduce  the  efficiency  to  a  considerable 
extent. 

We  see  further  that  the  useful  effect 
diminishes  in  proportion  as  the  tempera 
ture  is  lowered  in  the   refrigerant,  but 
that  the  results  remain  the  same  for  the 
same  temperature  of  the  condenser. 
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First  case:     £=-15°,      ra=lk932,      m'=0k.3091,      yu=0k0966. 


Tempera- 
ture of 
interior  of 
condenser 
tx>. 


Degrees. 
15 
20 
25 
30 
35 
40 


Pressure 

in 
condenser 

Pi. 


Kilog. 
74,504 
87,925 
103,073 
120,083 
139,054 
160,112 


Tempera- 
ture in 
boiler 


Degrees. 

67.77 

81.74 

95.69 

•  109.61 

123.47 

137.27 


Heat  carried 
away  from 

condenser  & 

absorption 

chamber 

Qi+Q/. 


Cal. 
1,5S4.43 
1,583.92 
1,584.80 
1,583.59 
1,577.94 
1,564.13 


Disposa 

able 
negative 

heat 

Q. 


Cal. 
485.69 

477.47 
470.63 
461.79 

448.70 

427.78 


Heat  ex- 
pended 

Q'. 


Cal. 
1,098.74 
1,106.45 
1,114.17 
1,121.80 
1,129.24 
1,136.35 


Katio  of 
efficie'cy 
theoretic 

Q 
Q'' 


Cal. 

0.442 

0.431 

0.422 

0.411 

0.397 

0.376 


Efficie'y 
per  kilo- 
gram of 
coal 

Q 


4,000 


Q' 


Cal. 
1,768 
1,724 
1,H88 
1,644 
1,590 
1,506 


Weight  of 
gas  dis- 
solved by 
water  car- 
ried over 
m'. 


Kilog. 
0.400 
0.407 
0.421 
0.426 
0.412 
0.364 


Second  case 

;     *2  =  -30< 

%      m:-lk.023,      m 

/'=0k.147, 

ju=0k0511. 

Tempera- 
ture of 
interior  of 
condenser 

Tempera- 
ture in 
boiler 

Heat  carried 
away  from 

condenser  & 

absorption 

chamber 

Qi+Q/. 

Disposable 

negative 

heat 

Q. 

Heat 
expended 

Q'. 

Ratio  of 

efficiency 

theoretic 

Q 

Efficiency 
per  kilo- 
gram of 
coal 

4,000^-. 
Q' 

Weight  of 
gas  dis- 
solved by 
water  car- 
ried over 
mf. 

Degrees. 
15 
20 
25 

30    • 
35 
40 

Degrees. 
106.07 
121.61 
137.13 
152.61 
168.03 
183.38 

Cal. 
859.46 

859.88 
861.21 
861.38 

857.67 
852.93 

Cal. 
258.59 
254.08 
250.57 
245.75 
238.92 
227.99 

Cal. 
600.87 
605.80 
610.64 
615.63 
618.75 
624.94 

Cal. 
0.430 
0.419 
0.410 
0.399 
0.386 
0.365 

Cal. 

1,721 

1,676 

1,641 

1,596 

1,544 

1,460 

Kilog. 
0.212 
0.215 
0.223 
0.225 
0.218 
0.193 

In  the  machines  employing  mechani- 
cal power,  the  efficiency  on  the  other 
hand  diminishes  with  the  temperature  of 
the  refrigerant. 

§  39.  In  the  practical  manufacture  of 
artificial  ice,  we  estimate  the  performance 
at  about  1200  or  1500  negative  calories 
for  each  kilogram  of  coal  burned,  which 
is  about  80  per  cent,  of  the  above  figures. 
The  difference  here  between  theory  and 
practice  may  fairly  be  attributed  to 
external  losses  of  temperature,  to  imper- 
fect action  in  the  exchanges  of  heat,  and 
to  expenditure  of  work  in  driving  the 
pumps. 

The  constructors  of  sulphur  dioxide 
machines  claim  a  practical  result  of  2500 
calories  per  horse  power  per  hour.  As  a 
good  engine  consumes  two  kilograms  of 
coal  per  horse  power  per  hour,  we  are. 
afforded  a  means  of  comparing  the  two 
kinds  of  apparatus  in  the  matter  of  econ- 
omy, and  the  result  is  in  favor  of  the 
chemical  action  machines.  The  latter 
also  afford  the  advantage  of  low  temper- 
atures. 


In  the  sulphur  dioxide  machine,  a 
lower  temperature  than— 12°  is  not  at- 
tained without  loss  of  useful  effect,  while 
in  the  ammonia  machine  —25°  and  —30° 
are  readily  and  economically  obtained. 

We  will  not  enter  here  upon  questions 
of  a  purely  practical  character  which 
affect  the  comparative  values  of  the 
several  ice  machines,  as  our  object  has 
been  simply  to  establish  the  theoretic 
conditions  under  which  they  work. 

Appendix. 

Note  upon  the  determination  of  the 
latent  heat  of  vaporization,  also 
of'  the  specific  heat  of  sulphur 
dioxide  and  ammonia  in  the  form  of 

LIQUID. 

It  was  shown  in  section  27  that  the 
relation  between  the  pressure,  specific 
volume  and  temperature  of  a  liquefiable 
gas,  being  represented  by  the  equation 

Pu=BT-CP",  (116) 

the  constants  B,  C  and  n  can  be  deter- 
mined by    means  of  the   coefficient   of 
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dilatation,  ami  the  experiments  of  Reg- 
nault  upon  the  compressibility  of  ga 
These  constants  are 


For  Sulphur  Dioxide. 

For  Amnion  i:i. 

B     13.882 

52.4943 

C      3.84:>.~> 

43.7144 

n       0.444S7 

0.32685 

Regnault  determined  also  the  elastic 
forces  of  these  substances  at  different 
temperatures,  and  established  the  empir- 
ical formula 

log  ¥  =  a  +  bat  +  cfit. 

This  form  not  being  convenient  for 
calculation,  we  have  preferred  to  take  the 
formula  called  Roche's 


p  =  da  \+mt 


(117) 


and  we  have  calculated  the  three  con- 
stants a,  a  and  in  for  both  sulphur  dioxide 
and  ammonia. 

These  constants  are 

For  Sulphur  Dioxide.  For  Ammonia. 

«  =  15840 43474.64 

log.  «=4.1991752 4.6382260 

a  =  1.04135 1.0386605 

log.  a  =  0.0176387 0.0164736 

m  =  0.0043129 0.0040112 

Finally  M.  Regnault  found  for  the 
specific  heat  of  sulphur  dioxide  0.15438, 
and  of  ammonia  gas  0.50836. 

On  the  other  hand  Clausius  estab- 
lished between  the  latent  heat  r,  the 
absolute  temperature  T,  the  pressure  P, 
and  the  quantity  u  the  relation 

dt 


u 


or 


dt 


(118) 
APu~     P 

u  is  the  increase  of  volume  of  a  unit  of 
weight  of  a  volatile  liquid  when  trans- 
formed into  vapor. 

If   v   is   the   specific    volume   of    the 
vapor,  we  have 

0.001 

it=v — , 

6 

d  being  the  density  of  the  liquid,  and 
consequently 

AP^ABT-ACP"-001;^     (119) 

o 

The    constants    B,     C    and    n   being 
known,  the  equation  will  give  AP^. 
Knowing  AP«  we  find  r  by  eq.  118. 


r=AP"  P  S 

or  in  consequence  of  eq.  117 

r=AP*  J^-n  (120) 

(i  +  >/'0 

The  equation  120  will  give  r  in  terms 
of  T  and  A1V. 

Finally  it  was  shown  in  §  27  that  the 
quantity  A,  that  is,  the  total  heat  of 
vaporization  satisfies  the  equation 


A  =  Aft  + 


p 


AO 

_^Y(p«_p«) 

n 


At  temperature  zero  we  have 

0  0 

then  it  becomes 


AC! 

\=r0  +  cpt-  —  (P' 


P„n)         (121) 


an  equation  in  which  P0  represents  the 
pressure  of  the  vapor  at  zero,  cp  the  spe- 
cific- heat  of  the  vapor  at  constant  press- 
ure, and  rQ  the  latent  heat  at  zero. 

The  heat  of  the  liquid 
q=X— r. 

We  shall  have  then 

AP  T/tf 

^=r0  +  cpt-  —  (Pn-Pj)  -  APt<— — x 

1       °      p       n  v  0/  (1  +  mt) 


and  the  specific  heat  of  the  liquid 


(122) 


do 

dt 


The  equations  (119),  (120),  (121)  and 
(122),  involving  laborious  calculations, 
we  can  replace  the  second  member  by 
empirical  expressions  of  the  formA'  +  B'* 
+  C'*2,  and  then  calculate  the  constants 
by  means  of  three  values  taken  at  the 
two  extremities  and  middle  of  the  ther- 
mometric  scale,  and  previously  deter- 
mined by  aid  of  these  equations. 

We  thus  find  for 

/Sulphur  Dioxide 

AP«=8,243  +  0,0196*-0,000116*2 
r=91,396-0,2361*-0,000135*3 
A  =  91,396  +  0,12723*-0,000131*2 
?= 0,36333* +  0,00004*' 
c-0,36333  +  0200008*. 

For  Ammonia 

APu=30,154  +  0,08861*-0,000059*2 
r=313,63-0,6250*-0,002111*2 
A  =  313,63  +  0,3808*  -  0,00028&a 
q=  1,0058*  +  0,001829*2 
c=l,0058  +  0,003658*. 
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The  specific  heat  of  liquid  ammonia  is 
nearly  equal  to  that  of  water.  This  re- 
sult, though  astonishing  at  first,  is 
comprehended  when  we  reflect  that  the 
specific  heat  of  the  gas  at  constant 
pressure  0.50836  is  higher  than  that  of 
steam  (0.4805).  It  would  be  interesting 
to  verify  by  experiment  the  theoretical 
conclusion. 

The  results  obtained  here  for  ammonia 
are,  however,  only  approximate,  for  we 
need,  in  order  to  determine  the  con- 
stants  of   eq.    (116),    the   coefficient   of 


dilatation  of  this  gas,  and  at  present  it 
is  not  known. 

To  facilitate  calculations  upon  the  ice 
machines,  we  have  prepared  the  follow- 
ing tables  for  sulphur  dioxide  and  am- 
monia. They  give  for  each  5°  the  heat 
of  the  liquid  q,  the  total  heat  of  vapori- 
zation A,  the  latent  heat  of  vaporization 
r,  the  internal  latent  heat  p,  the  external 
latent  heat   APu,  and  the   weight  of   a 

cubic  meter  of  vapor  -,  for  the  tempera- 
tures between  —40°  and 


+  40°. 


Table  I. —  Sulphur  Dioxide  (saturated). 


Temper- 
ature 
centi- 
grade. 

Absolute 
tempera- 
ture. 

Pressure  in 

kilo,  per 

meter. 

Total 
heat. 

Heat  of 
liquid. 

1 
Heat  of 
vaporiz- 
ation. 

Latent 

heat 

external. 

Latent 

heat 
internal. 

Weight 

of  vapor 

per  cubic 

meter. 

t 

T 

P 

(Eegnault) 

A 

9 

r 

KPu 

P 

u 

i 

V 

—30 

243 

3,908 

87,461 

—10,864 

98,325 

7,551 

90,774 

0.822 

1,215 

—25 

348 

5,082 

88,134 

—  9,058 

97,192 

7,681 

89,511 

0.641 

1,558 

—20 

253 

6,519 

88,799 

—  7,251 

96,050 

7,805 

88,245 

0.507 

1,967 

—15 

258 

8,265 

89,458 

—  5,441 

94,899 

7,923 

86,976 

0.406 

2,456 

—10 

263 

10,366 

90,111 

—  3,629 

93,740 

8,035 

85,705 

0.328 

3,038 

—  5 

268 

12,874 

90,757 

—  1,814 

92,571 

8,142 

84,429 

0.268 

3,719 

0 

273 

15,840 

91,376 

0,000 

91,396 

8,243 

83,153 

0.221 

4,518 

5 

278 

19,322 

92,029 

1,818 

90,211 

8,338 

81,873 

0.183 

5,447 

10 

283 

23,378     < 

1  92,655 

3,637 

89,018 

8,427 

80,591 

0.153 

6,514 

15 

288 

28,074 

93,275 

5,459 

87,816 

8,511 

79,305 

0.129 

7,740 

20 

293 

33,474 

93,888 

7,283 

86,605 

8,589 

78,016 

0.109 

9,132 

25 

298 

39,645 

94,495 

9,108 

85,387 

8,661 

76,726 

0.093  . 

10,718 

30 

303 

46,659 

95,095 

10,936 

84,159 

8,727 

75,432 

0.079 

12,500 

35 

308 

54,585 

95,689 

12,765 

82,924 

8,787 

74,137 

0.068 

14,513 

40 

—~ 

63,496 

96,276 

14,597 

81,679 

8,841 

72,838 

0.057 

16,750 

Table  II.- 

—Ammonia 

Gas  saturated 

Temper- 
ature 
centi- 
grade. 

Absolute 
tempera- 
ture. 

Pressurein 

kilo,  per 

meter. 

Total 
heat. 

Heat  of 
liquid. 

Heat  of 
vaporiz- 
ation. 

Latent 

heat 
external. 

Latent 

heat 

internal. 

"Weight 

of  vapor 

per  cubic 

meter. 

t 

T 

P 

(Reguault) 

\ 

Q 

r 

k¥u 

P 

u 

i 

V 

—40 

233 

7,187 

297,967 

—37,268 

335,235 

26,515 

308,720 

1.564 

0.639 

—35 

238 

9,302 

299,955 

—32,963 

332,918 

26,980 

305.938 

1.230 

0.812 

—30 

243 

11,918 

301,952 

—28,528 

330,480 

27,438 

303,042 

0.976 

1.023 

—25 

248 

15,120 

303,934 

—23,002 

327,936 

27,902 

300,034 

0.782 

1.276 

—20 

253 

19,003 

305,901 

—19,384 

325,285 

28,858 

296,927 

0  633 

1.577 

—15 

258 

23,669 

307,855 

—14,676 

322,531 

28,812 

293,719 

0.516 

1.932 

—10 

263 

29,225 

309,794 

—  9,875 

319,669 

29,262 

290,407 

0.424 

2.348 

—  5 

268 

35,797 

311,719 

—  4,983 

316,702 

29,708 

286,994 

0.352 

2.840 

0 

273 

43,475 

313,630 

0,000 

313,630 

30,154 

283,476 

0.294 

3.385 

5 

278 

52,405 

315,527 

5,075 

310,452 

30,594 

279,858 

0.247 

4.020 

10 

283 

62,707 

317,418 

10,241 

307,177 

31,034 

276,143 

0.*10 

4.737 

15 

288 

74,504 

319,279 

15,498 

303,781 

31,470 

272,311 

0.179 

5.543 

20 

293 

87,925 

321,133 

20,848 

300,285 

31,902 

268,383 

0.154 

6.447 

25 

298 

103,073 

322,979 

26,288 

296,691 

32,332 

264,359 

0.133 

7.446 

30 

303 

120,083 

324,800 

31,820 

292,980 

32,754 

269,226 

0.116 

8.547 

35 

308 

139,054 

326,611 

37,443 

289,168 

33,182 

255,986 

0.101 

9.766 

40 

313 

160,112 

328,431 

43,196 

285,235 

33,604 

251,631 

0.089 

11.074 
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A  NEW  GRAPHICAL  METHOD  FOR  FINDING  THE  CENTER 
OF  GRAVITY  OF  A  POLYGON. 

Bl  J.  WOODBRIDGE  DAVIS,  C.E. 
Written  for  Van  Nostrand's  Magazine. 


A  paragraph  in  the  article  on  *  1 
it<  r  of  Gravity  Formula  in  Jmie  No. 
of  this  Magazine,  suggested  to  the  writer 
a  graphical  method  for  determining  the 

centers  of  gravity  of  polygons,  which 
seems  to  be  new  and  much  better  than 
existing  methods.  The  course  of  argu- 
ment by  which  it  was  reached  is,  how- 
ever, too  long  to  be  used  as  the  founda- 
tion of  its  truth,  since  a  very  short  de- 
monstration upon  more  familiar  princi- 
ples serves  the  same  purpose.  Of  the 
former  a  brief  outline  only  will,  there- 
fore, be  given. 

The  polygon  is  supjjosed  to  be  gener- 
ated by  a  varying,  broken  line,  which 
moves — 

(a)  from  one  vertex,  as  origin; 

(b)  along  the  two  sides   and  all   the 

diagonals  which  radiate  from  the 
vertex,  as  directrices; 

(c)  and  parallel  to  the  remaining  sides 

of  polygon,  as  a  director; 

(d)  until   it  reach  and   coincide  with 

them. 

This  vertex  may  be  called  the  principal 
vertex,  the  two  adjacent  sides,  the  prin- 
cipal sides,  the  diagonals  which  radiate 
from  the  vertex,  the  principal  diagonals; 
and  the  other  sides  may  be  called  the 
remaining  or  generating  sides.  [It  will 
be  found  convenient  to  retain  this  nomen- 
clature, although  this  conception  of  the 
problem  shall  be  discarded.] 

It  is  evident  that  the  c.  of  g.  [center 
of  gravity]  of  generatrix  describes  a 
straight  line.  Also,  that,  if  x  denote 
variable  distance  of  the  c.  of  g.  from 
principal  vertex,  along  the  line  of  gravi- 
ty, and  y  represent  the  corresponding 
magnitude  of  generatrix, 

y=f(x. 

In  consequence,  formula  (1),  of  article 
in  June  No.,  applies.  For  this  case  it  re- 
duces to  |D,  D  being  the  distance  from 
origin  to  last  position  of  c.  of  g.  There- 
fore, if  this  last  position  be  found,  and 
joined  with  principal  vertex  by  a  straight 


line,  and  the  latter  be  trisected,  the  point 
of  trisection  further  from  vertex  is  com- 
mon c.  of  g.  of  the  generatrix  when  in 
every  position  at  once. 

But  this  is  not  c.  of  g.  of  polygon, 
because  it  has  been  found  with  regard 
to  positions  and  comparative  lengths  only 
of  the  generating  sides,  whereas  the 
spaces  they  severally  describe  depend 
also  upon  their  inclinations  to  the  direc- 
tions of  their  progress.  So,  we  must  not 
find  actual  c.  of  g.  of  generatrix  in  last 
i:>osition,  but  the  c.  of  g.  of  space  de- 
scribed in  final  instant;  this  we  must 
connect,  as  before,  with  principal  vertex, 
and  trisect.  The  space  described  in  last 
instant  is  a  series  of  rectangles,  having 
the  generating  sides  for  bases,  but  with 
altitudes  depending  upon  their  several 
inclinations  to  the  directions  of  advance. 
To  find  comparative  values  of  these  rect- 
angles, leads  to  the  method  of  this 
paper,  which  can  be  more  easily  demon- 
strated as  follows : 

Fig.  I. 


Suppose  A,B,C,  etc.,  to  be  any  polygon. 
[Consult  Fig.  1,  which,  though  a  penta- 
gon, serves  to  illustrate  the  general 
statements  of  the  text.]  Let  A  be  the 
principal  vertex.  Draw  the  principal 
diagonals.  The  polygon  is  now  divided 
into  triangles.  The  points  g},g2,  g3,  etc., 
are  found  to  be  the  centers  of  gravity  of 
these.     The  c.  of  g.  of  first  and  second 
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triangles  is  on  line  joining  g1  and  g2,  and 
divides  this  line  into  segments  recipro- 
cally proportional  with  the  areas  of  the 
triangles.  Of  first  three  triangles  the 
c.  of  g.  is  on  line  joining  point  last  found 
and  <73,  and  its  position  may  be  found  ac- 
cording to  the  same  law.  The  c.  of  g.  of 
polygon  can  finally  be  obtained  by 
this  method  of  procedure. 

But,  suppose  a  number  of  lines,  equal 
to  the  number  of  triangles,  to  diverge 
from  the  principal  vertex,  each  passing 
through  one  of  the  points  <?,,  g^  etc. 
Establish  on  each  of  these  a  point  thrice 
as  far  from  vertex  as  half  the  distance  to 
corresponding  c.  of  g.  of  triangle.  If, 
now,  with  these  new  points  gf,  g\  g"\ 
etc.,  instead  of  gl9  g2,  etc.,- we  proceed  in 
exactly  same  manner  to  find  a  common 
c.  of  g.,  on  supposition  that  g',  g",  etc., 
are  centers  of  gravity  of   the  triangles 

Fig.  2. 


respectively,  the  point  so  found  will,  evi- 
dently, be  in  each  direction  three-halves 
the  distance  from  principal  vertex 
that  the  true  c.  of  g.  of  polygon  is. 
Therefore,  if  the  false  c.  of  g.  be  con- 
nected with  principal  vertex  by  a  straight 
line,  this  will  contain  the  true  c.  of  g. 
of  polygon,  and  the  latter  will  be  at  two- 
thirds  its  length  from  vertex. 

This  is  the  first  step  of  the  new  meth- 
od. Its  advantages  are :  The  points 
g',  g",  etc.,  are  much  more  easily  found 
than  gx,  g^  etc.,  since  we  know  they  are 
the  middle  points  of  the  generating  sides. 
Thus,  for  the  labor  of  determining  the 
centers  of  gravity  of  the  triangles,  is 
substituted  the  far  less  work  of  bisecting 
the  same  number  of  lines.  Again,  the 
construction  is  on  a  little  larger  scale, 
and  is  not  crowded  about  the  spot  where 
the  c.  of  g.  of  polygon  will  be  found. 


GENERAL    METHOD. 

To  demonstrate  the  general  method  of 
finding  c.  of  g.  of  g',  g",  etc.,  let  us  con- 
sider the  octagon  of  Fig.  2.  A  is  chosen 
as  principal  vertex.  AB,  AH,  are,  ac- 
cordingly,, the  principal  sides.  Bisect 
remaining  sides.  Draw  g'g".  Intersect 
it  by  principal   diagonal   to  vertex  be- 


tween. Lay  off  g'a  in  opposite  direction 
from  g'f.  Thus  is  found  b,  which  is  c.  of 
g.  of  g',  g".  That  this  is  so  appears 
from  Fig.  1,  where 

ABC :  ACD  :  :  Bm  :  mT> :  :  g'n  :  ng", 

and  from  the  fact  that  the  c.  of  g.  of  g% 
g",  should  divide  g'g"  into  segments  in- 
versely  proportional   with   areas   repre- 
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sented  by  these  points.  Join  A,  //'".  The 
c.  of  g.  of  these  divides,  likewise,  the 
distance  between  inversely  as  area  of 
first  two  triangles  is  to  area  of  third. 
To  find  this  point,  draw  Be,  ||  1st  diagon- 
al. AC.  until  it  meet  the  2d  generating 
side  at  C,  and  draw  cd  ||  2d  diagonal  AD. 
[The  diagonals  themselves  need  not  be 
drawn.]  The  areas  in  question  are  as 
d~D  to  DE,  or,  if  (7D  be  bisected  at 
eD  is  to  Dy".  Reciprocate  these  seg- 
ments by  laying  off  y"D  from  e  to  f; 
then,  ||  eb,  draw  fh.  h  is  c.  of  g.  of  g\ 
/'.  Again  join  //,</iv,  and  draw  di\ 
3rd  diagonal  AE.  hg[y  must  be  divided 
inversely  as  /F  is  divided  at  E.  /E  might 
be  bisected  as  was  dT),  and  the  same 
process  used  as  before.  A  method  gen- 
erally simpler  is  to  lay  off  hgiy  from  i 
along  id  to  j.  draw,  ||  F  j,  the  line  E&,  or 
enough  of  it  to  mark  intersection,  and 
lay  off'  iA\ — which  is  proportional  with 
area  rejjresented  by  h, — in  opposite  direc- 
tion from  the  other  end,  giv.  Thus  is 
found  /. 

So  might  we  continue  round  the 
polygon  to  the  last  side  GH,  describing 
for  each  successive  side  a  line  ||  next 
diagonal  yet  unused  till  it  intersect 
the  side  prolonged,  and  thus  obtaining  a 
ratio  of  length  of  side  to  length  of  pro- 
longation, which  would  enable  us  to  find 
the  common  c.  of  g.  of  that  side,  and  all 
the  preceding  sides.  The  operation  is 
exactly  the  same,  and  as  simple  for  one 
side  as  for  any  other.  To  use  the 
method  purely,  we  should  find  b  from 
the  ratio  of  cQ  to  CD;  but  in  this 
instance  it  is  found  always  preferable  to 
obtain  the  segments  directly  on  the  line 
of  gravity  itself. 

In  order  to  occupy  less  space  outside 
the  polygon  for  construction  lines,  apply 
the  method  in  both  directions  around 
polygon,  commencing  at  each  side  of 
principal  vertex,  and  continuing  each 
way  to  meet  the  result  of  the  other 
application.  Thus,  as  before,  n  is  found 
by  reciprocation  of  the  segments  made 
by  diagonal  AG.  Join  n  and  I.  To  find 
where  on  this  line  is  c.  of  g.  of  all  the 
generating  sides — as  it  may  be  called, 
although  it  is  not  indeed  the  c.  of  g.  of 
these,  but  the  c.  of  g.  of  space  described 
in  last  instant  by  symmetrical  motion  of 
these  sides  from  principal  vertex — draw 
Up  ||  AG,  and^g  ||  AE.  Now,  as  qF  :  Fi, 
so  should  It  be  to  tn.     Then  t  is  c.  of  g. 


of  generating  sides,  nl  was  laid  oft'  on 
ipp  from  a  to  r,  and  ||  ir  was  drawn  Fs. 
qs  was  laid  off  from  /  to  t. 

Join  t  with  principal  vertex.  Then  is 
//,  the  point  of  trisection  of  ^A  farther 
from  vertex;,  the  c.  of  g.  of  the  octagon. 

qi  is  the  area  line.  If  its  length  be 
denoted  by  /.  and  byjP,  its  perpendicular 
distance  from  A,  then 

area  of  polygon = J  pi.  (1) 

A  description  of  the  only  other  gen- 
eral method  of  finding  graphically  the 
center  of  gravity  of  a  polygon,  is  quoted 
from  Professor  Du  Bois'  Graphical  Sta- 
tics, p.  29,  in  order  that  the  two  may  be 
compared.     It  is  as  follows : 

"Generally,  we  divide  up  the  given 
area  into  triangles,  trapezoids,  rectangles, 
etc.,  and  reduce  the  area  of  each  of  these 
figures  to  a  rectangle  of  assumed  base. 
The  heights  of  these  reduced  rectangles 
will  then  be  proportional  to  the  areas, 
and  hence  to  the  force  of  gravity  acting 
upon  them;  i.e.,  to  their  toeights.  Con- 
sider then  these  heights  as  forces  acting 
at  the  centers  of  gravity  of  the  partial 
areas.  Construct  the  force  polygon  by 
laying  them  off  one  after  the  other. 
Choose  a  pole  and  draw  lines  from  it  to 
the  beginning  and  end  of  each  force. 
These  lines  will  give  the  sides  of  the 
funicular  or  equilibrium  polygon.  Any- 
where in  the  plane  of  the  figure,  draw  a 
line  parallel  to  the  first  of  these  pole 
lines  (S0).  Produce  it  to  intersection 
with  the  first  force  (P,),  prolonged  if 
necessary.  From  this  intersection  draw 
a  parallel  to  the  second  pole  line  (SJ, 
and  produce  to  intersection  with  second 
force  (P2).  So  on  to  the  last  pole  line, 
which  produce  to  intersection  with  first 
pole  line.  Through  this  point  the  re- 
sultant must  pass,  and  of  course  it  must 
be  parallel  to  the  forces. 

"Now  suppose  the  parallel  forces  all 
revolved  say  90°,  the  points  of  applica- 
tion remaining  the  same.  Evidently  the 
new  force  polygon  will  be  at  right  angles 
to  the  first,  as  also  the  new  pole  lines, 
each  to  each.  It  is  unnecessary  then  to 
form  the  new  force  polygon.  The  di- 
rections of  the  new  pole  lines  are  given 
by  the  old,  and  this  is  all  that  is  needed. 

"Anywhere,  then,  in  the  j)lane  of  the 
figure,  draw  a  line  (S/)  perpendicular  to 
the  first  pole  line  (S0)  previously  drawn, 
and   prolong  to   intersection   with  new 
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direction  of  first  force  (P/).  Through 
this  point  draw  a  perpendicular  (S/) 
to  second  pole  line,  to  intersection 
with  new  direction  of  second  force  (P2') 
and  so  on.  We  thus  find  a  point  for 
new  resultant,  parallel  to  new  force 
direction.  Prolong  this  resultant  to 
intersection  with  first,  and  the  center  of 
gravity  is  determined." 

A  few  words,  which  cover  merely  the 
preliminary  part  of  the  operation,  will, 
notwithstanding  this,  pointedly  enforce 
the  advantage  of  the  method  of  this 
paper.  If  n  be  the  number  of  sides  of 
the  general  polygon,  where,  by  the  new 
method,  it  is  requisite  simply  to  bisect 
n-2  sides,  it  is  necessary  by  the  old, — to 
carry  the  solution  thus  far, — to  actually 
construct  n-\  parts,  as  trapezoids,  tri- 
angles and  rectangles,  and  determine 
their  centers  of  gravity. 

We  have  very  frequently  need  to 
determine  the  c.  of  g.  of  the  quadri- 
lateral. The  process  is  very  simple. 
Let  Fig.  3  illustrate.  Bisect  two  adja- 
cent sides,  and  join  the  points  of  bisec- 


Fig.  3. 


tion.  Intersect  the  line  by  the  diagonal 
from  opposite  vertex.  Reciprocate  the 
segments  of  the  line  joining  points  of 
bisection,  and,  finally,  join  point  last 
found  with  opposite  vertex,  and  de- 
termine its  point  of  trisection  farther 
from  vertex.  The  last  is  the  c.  of  g.  of 
quadrilateral. 

METHODS    BY    INTEKSECTIONS. 

When  a  polygon  possesses  few  sides, 
we  may  lessen  the  work  by  employing 
methods    of   intersection.      Let   Fig.    4 


Fig.  4. 


exemplify.  Join  g'^g",  and  reciprocate 
segments,  to  obtain  a.  ag'"  contains 
c.  of  g.  of  the  three  sides.  Instead  of  com- 
paring areas  of  triangles,  draw  g"g"\  and 
find  point  b.     [This  is  very  close  to  diag- 


onal, since  this  nearly  bisects  g"g'">^\  bg' 
also  contains  c.  of  g.     So  join   point  of 
intersection  c,  with  principal  vertex,  and 
trisect,     g  is  the  c.  of  g.  of  pentagon. 
Fig.  5  is  a  hexagon.     Draw  g'g"  and 
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g'"giv,  and  reciprocate  segments.  Now 
ab  contains  c.  of  g.  of  sides.  Next, 
find  c.  of  g.  of  first  three  sides  according 
to  method  described  in  last  paragraph. 
That  is:  join  a  with  g'"  and  intersect 
this  line  by  eg',  d  is  c.  of  g.  of  three 
sides.  Therefore  dgiv  contains  c.  of  g. 
of  the  f our  sides ;  and  the  point  of  inter- 
section, e,  is  the  c.  of  g.  Hence,  g  is 
c.  of  g.  of  polygon. 

Another  method  by  which,  at  greater 
expense,  a  sharper  intersection  can  be 
made,  is  also  displayed  in  Fig.  5.  As 
before,  a b  is  one  line  of  gravity.  Inter- 
sect this  by  line  joining  the  c.  of  g.  of 
sides  CD,  DE  with  c.  of  g.  of  BC,  EF. 
c  is  former  point.    To  find  latter,  produce 


BC,  FE,  till  they  meet,  if ^'possible.  Lay 
off  fh,  fi,  respectively  equal  to  BC,  EF. 
Intersect  hi  by  A/*.  Then,  as  hj  is  to  ji, 
so  let  givl  be  to  Ig'.  We  can  find  I  con- 
veniently by  drawing  jk  ||  hgiy,  and  hi  ||  ig' 
e,  the  intersection  of  ab  and  cl,  is  c.  of  g. 
of  sides,  as  before  f ound ;  and  g  is  c.  of  g. 
of  polygon.  ,    _ 

A  third  method  of  determining  the 
c.  of  g.  of  the  polygon  by  intersection  is 
as  follows:  [again  see  Fig.  5.]  Find  the 
line  ab  as  before ;  then  describe  ||  thereto, 
and  at  two-thirds  its  distance  from  ver- 
tex, another  line.  The  latter  contains 
c.  of  g.  of  polygon.  Now  change  the 
pole  or  principal  vertex  to  some  other 
vertex,   and   proceed   in   same    manner. 


328 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


We  shall  thus  obtain  two  lines  of  grav- 
ity, whose  intersection  is  the  c.  of  g.  of 
polygon. 

These  methods  by  intersections  can  be 
applied  to  heptagons,  octagons,  etc.,  but 
the  general  rule,  as  illustrated  in  Fig.  2, 
will  be  found  more  convenient  generally 
for  polygons  the  number  of  whose  sides 
exceeds  six. 

SHOET    APPROXIMATE    METHOD. 

Let  us  next  examine  an  exceedingly 
easy,  but  merely  approximate  method, 
which  may  prove  of  value  in  practical 
applications  where  great  accuracy  is  not 
required.  It  might  be  called  the  method 
by  reciprocation  of  segments,  as  the  c.  of 
g.  on  each  line  of  gravity  is  approximate- 
ly found  simply  by  reciprocation  of  the 
segments  made  by  intersecting  diagonal. 

Suppose  it  were  desirable  to  ascertain 
as  easily  as  possible  the  approximate 
position  of  c.  of  g.  of  Fig.  2.  ~Dm-w  g'g"-, 
reciprocate  segments  to  find  b ;  draw 
bg'"\  reciprocate  segments  made  by  next 
diagonal  AJD,  to  find  h  nearly.  Again, 
invert  segments  of  hg™,  made  by  AE,  to 
find  I.  So  might  we  continue;  but,  as 
the  error  is  apt  to  accumulate  in  same 
direction,  it  is  far  better  to  apply  the 
method  from  both  sides.  The  two  errors 
then  tend  to  cancel  each  other,  and  we 
gain,  moreover,  the  certainty  of  having 
one  additional  point  correctly  found. 
This  is  n.  Draw  nl.  Reciprocate  seg- 
ments made  by  last  remaining  diagonal, 
AF.  From  approximate  position  of  t,  a 
still  closer  position  of  g  is  derived. 

This  operation  is  very  rapid.  The  re- 
sult it  produces  for  Fig.  2  will  be  found 
very  nearly  right.  It  would  be  better, 
though,  if  the  method  should  be  applied 
to  three  sides  one  way  and  three  the 
other,  instead  of  to  four  one  way  and 
two  the  other.  It  is  not  a  safe  method 
to  use  when  polygon  is  very  irregular  or 
contains  re-entrant  angles:  It  may  be 
depended  upon  whenever  polygon  is  well 
balanced.  For  a  regular  hexagon  it  has 
been  found  quite  accurate.  Who  uses 
this  method  must  discover  from  more  ex- 
tensive experience  than  the  writer  has 
had  for  what  classes  of  shapes  it  can 
most  be  relied  upon. 

For  the  quadrilateral,  Fig.  3,  it  is,  of 
course,  correct.  For  the  pentagon,  Fig. 
4,  find  a,  and  reciprocate  segments  of 
ag"f,  made  by  2d  diagonal,  to  find  c.     It 


is  in  this  case  also  very  close.  By  this 
method  are  found  for  Fig.  5  the  points 
a,  I.  Simply  reciprocate  segments  of 
line  joining  them,  made  by  middle  diag- 
onal, AD.  Thus  is  e  found  with  great 
accuracy,  and  thence  g. 

SECOND  GENERAL  METHOD. 

There  is  another  exact  general  method 
which  is  worthy  of  mention  for  the  rea- 
son that  nearly  all  the  work  is  thereby 
performed  within  the  polygon.  But  it 
has  the  disadvantage  of  being  longer 
than  the  other  general  method  of  this 
paper.  Consult  Fig.  5  again.  Find  a  as 
before.  This  operation  is  indeed  a  part 
of  this  method,  and  was  borrowed  to  be 
the  first  step  of  the  other  general  meth- 
od. Connect  a  with  middle  point  of 
third  side,  g'".  Divide  this  into  seg- 
ments inversely,  proportional  with  area 
of  first  two  triangles,  and  area  of  third 
as  follows : 

ADC  :  ACB  : :  g"m  :  mg' . 
Also,  AED  :  ADC  :  :  g'"n  :  ng" . 
In  order  to  convert  g'"n  to  the  scale 
of  g'g",  project  g'"n  upon  g'g"  by  lines 
||  nm.  The  distance  so  found  lay  off  from 
g"  on  g'g"  prolonged.  Next,  lay  off  a'g'" 
from  g'  on  g'f,  and  divide  it  proportion- 
ally with  the  lengths  on  the  area  line, 
g'g".  Thus  is  found  d.  Draw  dgly '. 
Then,  for  fourth  triangle,  convert  giyp 
into  scale  of  g'g"  by  projecting  it  upon 
g'"g"  by  lines  parallel  with  pn,  and  this 
upon  g'g"  by  lines  ||  with  nm.  So  pro- 
ceed till  all  the  triangles  have  been  con- 
sidered, g'g"  with  its  prolongation  is  the 
area  line.  On  it  are  lengths  of  bases, 
g'm,  mg",  etc.,  of  rectangles,  equivalent 
in  order  with  the  triangles,  the  constant 
height  being  the  distance  between  A  and 
C  measured  normally  to  g'g". 

The  disadvantage  of  this  method  is 
that  the  labor  increases  not  as  the  num- 
ber of  sides  of  polygon,  but  more  rapid- 
ly. TJie  labor  may  be  greatly  reduced 
by  application  of  method  from  both 
ends,  which  procedure  seems  preferable 
for  all  the  methods.  The  advantage 
of  the  method  is,  as  before  remarked, 
that  the  construction  lines  are  almost  en- 
tirely within  polygon.  The  writer  has 
applied  the  method  with  success  to  a 
very  irregular  octagon  with  re-entrant 
angles.  But,  as  it  seems  to  be  far  be- 
hind the  other  method,  further  space 
shall  be  to  it  denied. 
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POLES. 

Instead  of  one  vertex  of  a  polygon,  any 
point  in  the  plane  can  be  employed  as  a 
pole.  From  it  draw  lines  to  the  vertices, 
and  proceed  according  to  any  foregoing 
rule.  The  demonstration  of  the  truth 
of  these  methods  covers  the  general 
problem,  of  winch  all  previous  examples 
are  but  special  cases.  When  pole  is  out- 
side of  polygon,  the  latter  is  composed 
of  a  series  of  positive  and  negative  tri- 
angles, the  algebraic  sum  being  the  area 
thereof.     If    the  pole  be  situated  upon 


one  side,  or  its  prolongation,  evidently, 
one  triangle  vanishes.  If  pole  be  placed 
at  intersection  of  two  sides,  whether 
prolonged  or  not,  two  triangles  vanish. 
Such  a  position  is,  for  instance,  the  point 
f  of  Fig.  5,  or  any  one  of  the  vertices. 

The  generality  of  this  method  enables 
us  to  construct  very  interesting  theorems 
respecting  the  position  of  c.  of  g.  of  a 
polygon  referred  to  any  pole.  The  only 
restriction  as  to  situation  of  pole  is  that 
it  must  not  be  at  an  infinite  distance. 
With  the  pole  thus  far  removed,  the 
problem  becomes  indeterminate. 


EXAMPLES. 

To  find  c.  of  g.  of  rectangle  repre- 
sented in  Fig.  6,  we  have  chosen  the  pole 
P.  Connect  this  with  the  four  vertices. 
Bisect  the  four  sides.  Commence  with 
any  one  as  AB,  and  follow  round  the 
polygon  to  last  DA,  using  any  method 
already  explained,  or  proceed  in  opposite 
directions  from  first  and  last  sides.  Indeed, 
if  we  choose,  we  may  consider  the  poly- 
gon PABCDAP.  As  this  is  a  hexagon, 
submit  it  to  any  treatment  described  in 
connection  with  Fig.  5.  Now  P  may  be 
considered  principal  vertex,  and  PA,  AP, 
may  be  considered  principal  sides.  This 
conception  of  the  problem  is  not,  how- 
ever, necessary. 

Reciprocate  segments  of  g'g",  made  by 
pole  line  to  included  vertex.  So  a  is 
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found.  In  like  manner  reciprocate  seg- 
ments of  g™g'",  made  by  pole  line  PD  to 
vertex  between.  That  is,  lay  off  g"'b  in 
opposite  direction  from  other  end,  giv.  c 
is  thus  determined,  c  represents  c.  of 
g.  of  two  triangles  PDC,  PDA,  as  a  cor- 
responds to  c.  of  g.  of  triangles  PCB, 
PBA.  Connect  c,  a.  ca  is  a  line  of 
gravity  of  polygon's  sides  with  respect 
to  the  pole  P.  It  corresponds  with  line 
ab  of  Fig.  5. 

Now,  if  the  general  method  illustrated 
in  Fig.  2  be  employed,  A  must  be  pro- 
jected along  a  line  ||  PB,  upon  CB  pro- 
longed. Cd  represents  area  of  first  two 
triangles.  To  represent  the  other  two 
on  same  scale,  project  A,  along  a  line  || 
PD,  upon  DC  prolonged.  Ae  corresponds 
to  Kp  of   Fig.  2.     Next  draw  ef  ||  PC. 
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fd,  as  qi  of  Fig.  2,  represents  total  area. 
Therefore,  lay  off  ac  from'df  to  h,  as  nl 
in  Fig.  2  is  laid  off  from  q  to  r.  \\fh 
draw  Ci,  as  Fs  in  Fig.  2  is  drawn  ||  2>. 
di  corresponds  to  the  two  first  triangles 
whose  c.  of  g.  is  represented  by  a. 
Consequently,  di  must  be  laid  off  from 
other  end,  c,  toward  a.  Accordingly,  i 
falls  at  j.  This  is  c.  of  g.  of  the  sides 
for  the  pole  P.     Draw  jY.     Trisect  this. 


The  point  of  trisection,  g,  further  from 
P  is  c.  of  g.  of  rectangle. 

After  finding  the  gravity  line  ac,  we 
might  obtain  in  same  manner  the  c.  of  g.  of 
g'giy,  and  of  g",  g'",  and  connect  the  two 
points.  This  would  furnish  a  second 
gravity  line.  Its  intersection  with  first 
would  be  at  j.  Thence  find  g  as  before. 
This  exactly  corresponds  with  second 
method  used  for  Fig.  5. 


Fig.  7  is  a  triangle.  Choose  any  pole 
as  P,  connect  this  with  three  vertices. 
Bisect  three  sides.  Join  any  two  points 
of  bisection,  and  reciprocate  the  seg- 
ments made  by  pole  line  to  included 
vertex.  Join  point  so  found  with  third 
point  of  bisection.  Thus  is  found  ag'. 
Join  two  other  points  of  bisection,  recip- 
rocate segments,  and  join  point  so 
found  with  remaining  point  of  bisection, 
exactly  as  before.  So  is  found  bg"\ 
Connect  the  point  of  intersection,  c,  of 
ag\  bg"',  with  pole,  and  trisect.  The 
point  of  trisection,  g,  farther  from  pole, 
is  c.  of  g.  of  triangle.  This  mode  of 
procedure  is  exactly  the  same  as  that 
employed  for  Fig.  4.  We  may  consider 
PBACBP  a  pentagon  if  we  choose. 

The  last  two  examples  are  designed  to 
illustrate  the  generality  of  the  methods 
of  this  paper.  It  will  often  be  found 
convenient  to  place  the  pole  at  the  inter- 
section of  the  two  sides  when  prolonged, 
instead  of  at  a  vertex.  The  work  is  no 
greater  so,  and  the  component  triangles 
may  be,  sometimes,  made  less  cramped 
than  would  occur  if  any  vertex  should  be 
used  as  a  pole.  Such  an  example  is  pre- 
sented in  Fig.  11. 

POSITIVE   AND    NEGATIVE    AREAS. 

To  further  test  the  generality  of  these 


methods,  let  us  find  the  c.  of  g.  of  the 
quadrilateral  A  B  C  D,  Fig.  8,  whose 
boundary  crosses  itself.  As  explained  in 
connection  with  Fig.  4,  p.  293,  April  No. 
of  this  Magazine,  one  branch  of  this  fig- 
ure must  be  considered  positive,  and  the 
other  negative.  Proceeding  in  same 
manner  as  with  Fig.  3,  bisect  two  adjacent 
sides,  BC,  CD,  connect  the  points  of 
bisection  by  a  straight  line,  g'g",  and  re- 
ciprocate segments  of  this  made  by  line 
AC,  from  opposite  vertex  to  included 
vertex.  This  determines  point  a.  Draw 
aA.  and  trisect,  g  is  the  c.  of  g.  of  the 
quadrilateral.  To  ascertain  position  of 
c.  of  g.  on  supposition  that  the  figure  is 
all  positive  or  negative,  it  must  be  con- 
sidered a  hexagon  AmCDmBA.  Fix 
the  pole  at  m,  as  this  reduces  four  tri- 
angles to  nothing.  Now,  by  second 
method  used  for  Fig.  5,  abbreviated  on 
account  of  the  four  zero  triangles,  join 
points  of  bisection  g'g'"*  g'g'"  is  a  line  of 
gravity  for  the  sides,  referred  to  the 
pole  m.  To  find  c.  of  g.  of  sides,  pro- 
long BA,  DC ;  from  point  of  intersection 
lay  off  these  two  sides,  and  join  the 
extremities  by  line  cd.  Divide  this  by 
mb.  Divide  g'  g'"  in  same  ratio.  Thus 
g"' h=cf.  Join  Am;  trisect,  g  is  c.  of  g. 
of  Am  CDm  BA. 

The  polygon  with  positive  and  nega- 


ON   THE   CENTER   OF   (iKAVITY    OF   A   POLYGON. 


831 


tive  portions,  which  has  been  reverted  to 
several  times  in  previous  articles  of  the 
writer's,  is  met  with  in  practice.  A 
practical  example  requiring  the  algebraic 
summation  of  its  area,  was  presented  in 
the  article  on  mensuration  in  April  No. 
of  this  Magazine.  Touching  more  nearly 
the  subject  of  present  paper,  we  have,  in 
discussions  of  strains  in  girders  and 
trusses,  to  determine  centers  of  gravity 
of  load  and  moment  areas,  which  may 
under  some — and  usual — conditions  con- 
sist of  parts  having  opposite  signs. 

AEEAS    OF    DIFFERENT     INTENSITIES. 

Another  interesting  and  practical  case 
is  that  of  the  polygon  possessing  parts 
of  different  space  intensities,  or,  to  speak 
mechanically,  portions  filled  with  materi- 
als of  different  specific  gravities.  If  a 
polygon  possess  two  such  parts,  and  the 
line  of  separation  be  straight,  assume  the 
pole  at  one  extremity  thereof,  and  apply 
the  general  method  both  ways  from  the 
pole,  as  in  Fig.  2,  till  the  constructions 
meet  at  the  other  extremity.  Here  we 
shall  have  the  area  line  qi  [Fig.  2],  qF 
representing  the  area  of  one  part,  and  Yi 
that  of  the  other.     At  the  same  time  we 


shall  have  gravity  line  nl.  The  only  de- 
parture from  the  general  method,  then, 
is  that  nl  must  not  be  divided  propor- 
tionally with  areas,  that  is,  in  same  ratio 
with  qF,  Fi,  but  in  the  ratio 

~qF-  V'-  W.  y'%  (2) 

where  y',y"  are  the  specific  gravities.  In 
this  problem  one  specific  gravity  may  be 
expressed  in  terms  of  the  other;  so  we 
may  substitute  for  (2)  the  ratio 

qFiFi.  y  (3) 

Therefore,  lay  off  on  Fi  a  length  equal  to 
Fi  y,  and  use  latter  instead  of  former  in 
the  completion  of  the  general  construc- 
tion. 

If  there  be  three  parts,  and  two 
straight  separatrices,  locate,  if  possible, 
the  pole  at  their  intersection.  But,  in 
any  case,  whatever  be  shape  of  separating 
lines,  the  whole  may  be  considered  as 
one  polygon,  in  manner  indicated  for 
Fig.  5  of  article  in  June  No.  of  this 
Magazine;  and  the  parts  of  area  line 
representing  the  various  portions  of  poly- 
gon may  at  the  last  be  multiplied  by 
their  several  proper  factors. 

Fig.   9  illustrates  a  practical  example 
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Fig.  9. 


of  this  kind.  The  figure  is  copied  from 
Fig.  15  of  Professor  Eddy's  article  on 
Graphical  Statics,  page  5,  vol.  XVII  of 
this  Magazine.  ABCD  is  a  retaining 
wall.  FD  is  the  surface  of  earth  sus- 
tained.    AE  is  a  vertical  line  separating 


the  triangle  of  earth  AED  from  the 
rest.  The  wall  and  this  portion  of 
earth  are  supposed  to  act  as  a  but- 
tress against  the  remaining  material 
AEF.  Consequently,  the  c.  of  g.  of 
ABCDEA  must  be  determined.  The 
weight  of  a  cubic  foot  of  wall  is  assumed 
to  be  double  that  of  same  bulk  of  earth. 

Let  A  be  pole.  Bisect,  BC,  CD,  DE. 
join  g',  g",  and  reciprocate  to  find  a. 
Draw  atf".  Parallel  to  AC,  AD,  suc- 
cessively, draw  B&,  be.  Draw  Del  \\  ca. 
Lay  off  ae=g'"d.  Join  e,A.  g  is  c.  of  g. 
required. 

The  same  construction,  line  for  line, 
serves  for  the  solution  of  similar  prob- 
lems involved  in  discussion  of  Fig,  16 
of  Professor  Eddy's  article,  where  the 
wall  has  a  backward  cant,  and  the  triangle 
of  earth  must  be  considered  negative. 


Fig.  10  represents  the  case  where  the 
dividing  line,  AD,  passes  through  no  ver- 
tex. The  polygon  is,  therefore,  ABCDE 
FA.  Such  is  the  case  of  a  retaining 
wall  ABCD,  with  a  loose  rock  backing 
ADEF.  Assume  the  specific  gravity  of 
solid  wall  to  be  three  halves  that  of 
backing.  Bisect  BC,  CD,  DE,  EF. 
Apply  method  both  ways.  So  is  found 
gravity  line  ab.  Draw,  ||  AE,  AC,  re- 
spectively, Fc,  Be?.  The  areas  are  as  cD : 
D<£  But,  draw  g'e,  also  ||  AC,  and  lay 
off  g"e  from  d  to  f.  Lay  off  ab  from  c 
to  h.  Draw  Di  ||  fh,  and  lay  off  aj—ci. 
Thence  we  find  g  to  be  c.  of  g.  of  com 
bined  mass. 

Behind  the  backing  of  stone  we  might 
still  have  to  regard  a  triangle  of  earth. 
Suppose,  for  present  purpose,  that  FcE 
is  this  triangle.    Then,  we  must  consider 


the  polygon  ABCDEFEcFA.   Space  shall 
not  be  given  to  illustration  of  this  case. 

GIRDER    CROSS-SECTION. 

Fig.  11  is  the  cross-section  of  a  girder. 
The  problem  is,  to  find  the  position  of 
its  neutral  fiber.  Consider  the  polygon 
ABCDEFGH.  Prolong  BC,  GF  till  they 
intersect.  Let  this  point  be  the  pole. 
Begard,  now,  separately,  the  pentagons 
PBAHGP  and  PCDEFP.  Accordingly, 
bisect  BA,  AH,  HG  and  CD,  DE,  EF. 
Treating  both  at  same  time,  draw  g'g", 
gyigY,  and  reciprocate  segments  of  both, 
made  by  PA,  PD,  respectively.  Draw 
ag'",  bgiv.  To  find  center  of  gravity  of 
larger  pentagon,  draw  Be  ||  to  PA,  cd  || 
PH ;  lay  off  de=ag"\  draw  H/  ||  Ge, 
and  lay  off  g'"h=df.  h  is  c.  of  g.  of 
generating  sides  of   pentagon,  with  re- 
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spect  to  P.  Similarly,  draw  Ci  ||  PD,  ij 
||  PE  ;  lay  offjk=bg[\  draw  ~El  ||  Fk,  and 
lay  off  glvm-jl,  mh  is  a  line  of  gravity 
of  all  the  sides  of  figure  with  respect  to 
P,  and  contains  the  c.  of  g.  of  same  sides 
with  respect  to  same  pole.  To  discover 
this  point,  determine  the  area  ratio  be- 
tween the  triangles  VdG  and  P/F  equal 
each  in  area  with  corresponding  pent- 
agon. Convert  P/E  into  equivalent  PwF 
by  drawing  jn  ||  PF.  Draw  pole-line  np. 
The  following  theorem  will  here  be 
found  useful,  and,  perhaps,  hereafter. 
Let  it  be  called 

Rule  E. 

The  area  of  any  triangle  is  equal  to 
one-half  the  rectangle  of  distance  betioeen 
any  two  vertices  measured  in  any  direc- 
tion, and  the  distance  from  third  vertex 
to  opposite  side  measured  normally  to 
the  other  distance. 

[Note. — In  the  signification  of  the 
word  side  in  above  theorem,  is  included 
the  infinite  extension  of  that  line.] 

Hence,  areaP^F =^p¥  X  perpendicular 
distance  from  P  to  HG.  Therefore, 
draw  pq  ||  PF.  Gq  represents  area  of 
small  pentagon,  and  dG  represents  area 
of  large  one.  Because  Gq  is  laid  off 
backward  upon  dG,  we  know  that  the 
two  areas  have  opposite  signs,  and  qd 
is  their  algebraic  sum.  As  always  be- 
fore, lay  off  mh  from  d  to  r.  Draw  Gs  || 
qr,  just  as  Fs  in  Fig.  2  is  drawn  ||  ir.  ds 
pertains  to  larger  area.  Hence  it  must 
be  laid  off  from  'in,  which  corresponds  to 
small  area,  toward  h.  The  extremity 
falls  at  t.  Join  t,V,  and  trisect  by  means 
of  three  equal  distances,  laid  off  consecu- 
tively from  P  toward  F.  g  is  c.  of  g.  of 
polygon  composing  one-half  cross  sec- 
tion of  girder.     Through  g  draw  ||  GH 


the  line  Z  through  girder.  Z  occupies 
position  of  neutral  fibre. 

It  will  be  noticed  that  to  Fig.  11  we 
have  really  applied  the  general  method, 
first  illustrated  in  Fig.  2.  That  is  the 
nonagon  PBAHGFEDCP  has  been  con- 
sidered. P  is  the  principal  vertex.  PB, 
CP,  are  the  two  principal  sides.  Com- 
mencing with.  BA,  we  have  applied  the 
method  around  one  way  to  the  side  HG, 
which  has  been  selected  as  the  area  line. 
Next,  commencing  at  the  other  end,  CD, 
we  have  proceeded  so  far  as  EF,  which, 
for  that  portion  of  polygon,  is  the  area 
line.  To  convert  latter  scale  into 
former,  we  must,  according  to  the  rule, 
project  j  along  a  line  ||  to  next  pole  line, 
PF,  until  it  intersect  FG.  This  line  is 
infinitely  long.  From  this  position  a 
line  must  be  drawn  ||  to  next  pole  line, 
PG,  till  it  intersect  GH.  This  is  equiv- 
alent to  drawing  jn,  as  has  been  done. 
But,  since  the  bases,  PF,  PG,  of  the  two 
triangles  are  different,  np,  pq,  must  be 
drawn. 

The  area  of  girder  cross-section  equals 
rectangle  of  dq  and  perpendicular  dis- 
tance thereto  from  P,  as  is  expressed  by 
equation  (1). 

If  the  intersection  of  BC,  FG  do  not 
fall  in  a  convenient  place,  choose  one  of 
the  vertices  as  pole,  for  instance,  H  or 
A.  With  H  as  pole,  treat  the  pentagons 
HABCDH,  HGFEDH,  join  the  centers 
of  gravity  of  their  generating  sides,  and 
divide  this  line  into  segments  inversely 
proportional  with  their  areas.  The  pro- 
cess is  exactly  the  same  as  that  just  de- 
scribed. 

Fig.  11  may  be  divided  into  a  series  of 
five  trapezoids.  If  AB,  GH  were  not 
normal  to  AH,  it  would  contain  five 
trapezoids  and   two   triangles ;    yet   the 
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process  would  be  exactly  the  same  in 
length.  In  common  with  the  numerical 
rules  for  determining  centers  of  gravity 
and  moments  of  inertia  of  polygons  in 
general,  an'd  girder  cross  sections  in  par- 
ticular, described  in  the  June  and  July 
numbers  of  this  Magazine,  the  present 
graphical  method  possesses  the  advant- 
age, over  all  hitherto  proposed,  that  it 
remains  as  brief  for  a  complex  arrange- 
ment of  the  perimeter  as  for  a  simple 
one.  For  this  very  reason  there  are  a 
few  simple  arrangements  to  which  the 
common  method  is  more  advantageously 
applied.  For  example,  if  CD,  EF,  were 
perpendicular  to  AH,  and  DE  were  || 
thereto,  we  should  have  the  common 
double  T  girder  composed  of  three 
rectangles,  and  should  find  the  method 
by  force  and  funicular  polygons  more 
concise. 

The  ordinates  of  B,  C,  etc.,  G,  may  be 
made  any  equimultiples  of  their  present 
lengths,  AH  remaining  constant,  if  it 
be  desirable  to  have  the  drawing  on  a 
larger  vertical  scale. 

A  figure  with  symmetrical  axis  is  fav- 
orable to  the  old  method  in  so  much  as 
the  axis  bisects  the  parallel  bases  of  all 
the  trapezoids,  and  saves  a  certain 
amount  of  labor  which  would  otherwise 
be  necessary  in  the  determination  of  cen- 
ters of  gravity  of  the  separate  parts. 
The  difference  in  labor  is,  therefore, 
greater  for  such  a  shape  as  ABCDEFGH, 
or  any  general  polygon.  It  must  be  re- 
membered, too,  that  the  result  of  present 
method  is  the  determination  of  position 
of  center  of  gravity  (so  often  required, 
though  not  in  present  case),  while  the 
old  method,  for  this  problem,  need  only 
be  carried  so  far  as  the  determination  of 
a  gravity  line. 

To  determine  one  co-ordinate  of  c.  of  g. 
of  an  irregular  figure,  mensurated  by 
breadths  taken  at  intervals,  lay  off  these 
breadths  from  a  base  line  at  their  proper 
distances  apart,  and  apply  method  as 
above. 

DIVISION    INTO    TRAPEZOIDS, 

If  the  breadths  of  such  a  figure  be 
taken  at  equal  distances  apart,  dividing 
the  space  into  a  series  of  equally  long 
trapezoids,  describe  a  system  of  lines 
parallel  to  the  breadths  and  each  mid- 
way between  two.  These  new  lines  rep- 
resent approximately  the  lines  of  gravity 


of  the  trapezoids;  and  the  portions 
included  within  the  figure  represent 
exactly  the  proportionate  intensities  of 
gravity  in  the  trapezoids.  Find  the 
common  c.  of  g.  of  all,  by  means  of  the 
force  and  funicular  polygons. 

Thus  are  the  loads  upon  trusses  and 
arches  commonly  divided;  and  this  is 
the  method  proposed  as  an  approximate 
one  by  the  writers  who  treat  such  prob- 
lems. The  error  is  not  apt  to  be  great 
in  any  practical  case  of  a  long  series  of 
trapezoids ;  but,  whatever  it  be,  it  can  be 
readily  evaluated  as  follows,  with  aid  of 
the  formula 


D2(K-A) 
12V 


W 


which  is  formula  (28)  of  Center  of 
Gravity  article,  published  in  June  No.  of 
this  Magazine.  D  is  the  distance  between 
each  two  consecutive  breadths,  K  is 
length  of  last,  and  A,  the  length  of  first, 
breadth.    V  is  total  area. 

Fig.  12. 


Let  the  vertical  line  of  Fig.  12  repre- 
sent the  force  polygon  already  used. 
The  ends  of  the  pole  lines  are  shown; 
but  the  pole  is  not.  Let  F= length,  of 
force  line. 

Then  V=FD,  (5) 

and  the  correction  formula  reduces  to 


l-D(K-A) 


1  2 


F 


(6) 


On  the  last  pole  line  lay  off  bc=~K  -  A. 
Also  lay  off  bd=^j  D.  Then,  ||  ac,  draw 
de.  be  is  the  amount  of  error  in  posi- 
tion of  c.  of  g.  of  series  as  before  found. 
If  K  -  A  be  positive,  move  approximate 


ON  THE  CENTER  OF  GRAVITY  OF  A  POLYGON. 


335 


c.  of  g.  a  distance  be  away  from  A. 
If  A>K,  move  c.  of  g.  this  distance 
toward  A.  When  A=K,  the  approximate 
method  is  correct. 

This  correction,  whether  made  numer- 
ically or  graphically,  is  important,  be- 
cause it  converts,  with  a  trilling  amount 
of  work,  a  good  approximate  method 
into  a  perfectly  accurate  one. 

SERIES    OF    SOLIDS. 

Exactly  the  same  method  may  be 
applied  to  a  series  of  solids,  when  each 
is  represented  by  some  form  of  the  quad- 
ratic equation.  The  resultant  of  gravity 
for  each  solid  may  be  assumed  to  act 
through  its  mid-section.  The  volumes 
being  already  calculated,  we  have  at  once 
a  system  of  parallel  forces  given  in  in- 
tensity and  position.  The  resulting 
position  of  line  of  gravity  of  series  may 
be  graphically  found  and  corrected  as  in 
case  of  trapezoids,  and  the  new  position 
will  be  absolutely  time. 


There  appears  to  be  no  other  method 
for  a  solid,  divided  as  above  into  parts 
by  a  system  of  equi-distant,  parallel 
planes.  The  seeming  uncertainty  of  as- 
suming that  the  weight  of  each  portion 
acts  through  its  mid-section,  has  pre- 
vented writers  from  employing  such  an 
approximate  method  as  they  have  for  the 
series  of  trapezoids.  The  present  writer 
has,  in  a  work  on  Earthwork  Calcula- 
tion, applied  the  graphical  method  to  a 
series  of  railroad  solids  of  unequal 
lengths.  The  engineer  who  encounters 
such  problems  will,  however,  find  the 
numerical  rules  enunciated  in  the  June 
No.  of  this  Magazine  shorter  than  even 
this  graphical  method.  The  latter  is  use- 
ful as  a  check  upon  the  other. 

The  writer  has  refrained  from  showing 
the  special  constructions  for  more  than 
a  few  practical  examples,  because  the  ob- 
ject of  this  article  is  to  exhibit  a  new 
fundamental  method,  for  which  ample  ap- 
plication can  be  found  throughout  the 
field  of  Graphical  Statics. 
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Somewhat  more  complicated  again  is 
the  combination  required  for  describing 
a  right  line  making  a  given  angle  with 
the  line  through  the  fixed  points. 

This  arrangement  is  shown  in  Fig.  23, 
and  is  composed  of  two  of  the  trans- 
formed cells  {systeme  varie)  and  four 
ordinary  Peaucellier  elements,  all  of'  the 
same  power  C2  with  the  exception  of  the 
positive  elements  LL'  and  NN',  whose 
powers  are  equal  respectively  to  C'a  and 
C"2. 

We  have  in  this  case 


C2 


AM=  gj,  AP2=AM2-< 


C2(C2-OA2) 
OAa 


AF=£U 


C.OA 


AP     VC'-OA2 


AH2=C2  +  AF2= 


C4 


C2-OA2 


ATr      C'2     C'2    • 

AK=  £g  =  (tTa/C2-OA2 

OK=OA-AK-OA-  yVCT-OA1 

/■v/a  run 


OB= 


OK 


^A  C'2      / 


C2-OA2 


If,  furthermore,  A  describes  a  circle 
which  passes  through  O,  we  have 

OA=2rcos  <p 
and  we  take    C*=4r2  and 

C'2 

^5  =tan  a  we  obtain 
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0B= 


C" 


2r  cos  <p—2r  tan  a  sin  <p 


C,,2cosa 


2rcos(a  +  <p) 


or 


OB  COS(a  -f-  (p)  =  -1—  COS  a 


Now  tracing  the  line  OQ  making  an 
angle  a  with  OD,  and  dropping  the  per- 
pendicular upon  OQ  from  B,  then 

OQ=OBcos(a+9) 

and  consequently  OQ=  ■=—■  cos  a 

Then  OQ  having  a  constant  value,  the 
line  described  by  the  point  B  is  a  straight 
line  perpendicular  to  OQ,  and  making  an 
angle  of  90  — a  with  the  line  through  the 
fixed  points. 

The  distance  OB7  is  obtained  immedi- 
ately by  cp—Q  in  the  equation  which 
gives  OB.     This  distance  then  becomes 


■fjr- .     In  the  figure  C"a  is  taken  1431, 

2r=40  millimeters,  and  a=40°;  the 
apparatus,  therefore,  describes  two  sides 
of  a  regular  hexagon,  of  which  the  vertex 
B  is  at  a  distance  OB' = 36mm  from  O. 

The  particular  case  of  a  line  passing 
through  the  fixed  points,  requires  a  com- 
bination much  more  complicated,  and  we 
believe  should  be  omitted. 

If  in  Figs.  19  and  20  the  point  O  is 
united  to  D,  we  obtain  respectively  Figs. 
24  and  25,  of  which  the  bars,  eight  in 
number,  are  movable  each  in  relation  to 
the  others,  so  that  any  point  describes  a 
curve. 

Thus  the  motion  of  C  and  B'  is  circu- 
lar relatively  to  the  line  which  joins  O 
and  D;  but  the  motion  of  any  point 
between  C  and  Br,  as  E  for  example' 
Fig.  26,  describes  a  lemniscate. 

The  points  O,  C  and  C  describe  rela- 
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tively  to  A'D  arcs  of  circles,  while  B 
gives  very  remarkable  curves  which,  we 
will  study  for  the  particular  case  of 
OD=A'D.  The  point  B',  as  we  have 
seen  above,  describes  relatively  to  OD  a 
right  line  passing  always  through  the 
point  B,  Figs.  24  and  25.  So  that  if  the 
rod  OD  is  prolonged  and  bent  to  a  right 
angle  at  the  point  B,  which  is  the  geo- 
metrical position  of  B'  at  the  moment  that 
A'D  coincides  with  CD,  the  portion  BB' 
will  pass  constantly  through  B',  what- 
ever  the  position  of  the  system. 


By  this  means  we  may  lengthen  or 
shorten  the  consecutive  radii  vectores  of 
a  curve,  or  in  other  words,  we  can  derive 
from  a  given  curve,  a  trace  of  the  curve 
lengthened  or  shortened.  This  apparat- 
us has  therefore  been  called  the  protrac- 
teur  or  retracteur.      ., 

Bringing  the  point  H  and  the  two 
points  K  and  K7  Fig.  27,  (situated  at  a 
distance  c  from  H,  in  the  direction  BB') 
to  the  line  OD,  and  describing  with  H  a 
curve  B'A,  we  shall  have  the  other  radii 


Fig.  24. 


-So 


linka<;i:s. 
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vectores,  lengthened  or  shortened  by  the 
quantity  c. 

Thus  for  the  particular  case  in  which 
the  curve  is  an  arc  of  a  circle  passing 
through  B'  and  of  which  the  center  is  at 
M,  the  curve  shortened  or  lengthened  is 
the  conchoid  with  a  circular  base,  known 
as  the  limae,on  of  Pascal. 

Its  equation  is  very  simple:  making 
the  angle  HB'M=<p,  and  the  radius 
B'M=HM=r,  we  have 

AK  or  AK'=z=2rcos  (p±c. 

For  c=2r  the  conchoid  is  transformed 
into  the  cardioid,  and  for  c=r  it  takes 
the  name  of  trimetric  curve.  When  the 
point  H  instead  of  following  an  arc  of  a 
circle  describes  a  straight  line  as  in  Fig. 
28,  the  joining  of  H  to  a  second  system 
causes  the  point  K  to  describe  the  con- 
choid with  a  rectilinear  base  known  as 
the  conchoid  of  Nicomedes,  and  of  which 
the  equation  is 

cos  <p— 

The  conchoid  with  a  circular  base  has 
been  applied  by  Peaucellier  to  tracing 
conic  sections.  Tracing  for  this  pur- 
pose, the  radii  vectores  BA=2r(cos<p  +  l) 
of    the     cardioid    or     conchoid    where 


HB=c=2r  which  we  have  made  in  this 
case  by  means  of  a  negative  reciprocator 


FF',  we  have 


AE= 


AB 


or  by  substituting  for  C2  the  two  dis- 
tances EA  and  AB  (for  <p=0);  that  is  to 
say,  substituting  the  values  E'A  and  AB' 
as  we  have  in  the  following,  the  equation 
becomes 


AE: 


AE.'AB' 


AE.'4r 


AB        "  2r(l  +  cos<p) 


2AE'(1  +  C0S<P) 

which  is  the  polar  equation  of  a  parabola 
EE'  of  which  the  parameter  p= I  AE'. 

For    c=HB,    greater    than    AH'=2r 

AE'AB' 

(Fig.  30)  the  equation  AE=  - 


gives 


AE= 


2r  +  c 


2r.co8.q>  +  c 

By  substituting  AE' 

Ira 
e 


AB 
.AE' 


c= 


a  +  e 
we  have 


=a— eand 
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AE= 


e.coscp  +  a 

which  is  the  polar  equation  of  an  ellipse 
whose  axes  are 

2c 


2a— 


2r 


AE'= 


2AE.H'B' 
H'B'-AH 


and 


25=2AE'  i/c_±?r=2AE'i/ AB' 

Y  c-2r  V  H'B'-AH' 

while  e=  — ^r~  is  the  eccentricity. 
c—zr 

When  on  the  contrary  c=HB  is  small- 
er than   2r=AH'  (Fig.  31)  we  can   put 

AE'  =  —  (a — e)  and  c  =  —  and  the  value  of 


AE  is  as  before 


;  but  this  equa- 


e  cos  cp  +  a 
tion  is  that  of  an  hyperbola  of  which  the 
axes  are 

2c.  AE'     2AE.'H'B' 

.  2a= 


2r-c  ~~AH'-H'B' 


and 
2b- 


2AE'  4A  +  C=2A-R'i/        AB/ 


2r—c 


AH'-H'B' 


while 


e=: 


2rAE' 


2r-c' 

We  will  now  examine  the  movements 
of  B'  in  relation  to  A'D(Figs.  24  and  25). 

Conformably  with  Fig.  32  in  which  A' 
and  B'  have  been  replaced  by  A  and  B, 
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Fig.  29. 


Fig.  30. 
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the  other  letters  retaining  the  same  sig- 
nification, we  shall  have 

C'=OA(OA-{-OB)=0'B/0'A 

whence   (by  virtue   of   OA=2rcos(pand 
0'A=2r), 

AB= 2rcos<z?. 

cos  <p 

The  line  FF7  having  been  drawn  per- 
pendicular to  AD  at  the  distance  AF= 
O'B',  we  have 


O'B        AF 


=AF'. 


cos  q>     cos  cp 

Furthermore  2r  cos  (p=OA=AK,  and 
from  the  supposition  that  the  two  circles 
OA  and  OK  have  the  same  radius,  and 
consequently  AB=AF/— AK=F/K,  from 
whence  it  follows  that  the  motion  of  B 
in  relation  to  AD  is  along  a  cissoid. 

When  0'B'=2r,  this  becomes  an  ordi- 
nary cissoid   or    cissoid  of    Diodes,   in 
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which  the  asymptote  is  at  the  same  time 
tangent  to  the  circle.  And  this  curve 
becomes  a  hypercissoid  for  0'B'>2rand 
a  hypocissoid  for  0'B'<2r. 

In  seeking  for  the  inverse  values  of 
the  consecutive  radii  vectores,  we  obtain 
in  the  first  case  (Fig.  33) 


P= 


EA=£,: 


cos  q> 


AB     2r  (1-cos2  cp) 
C2 

an  equation  of  a  parabola  of  which  the 
parameter 


C2 
2r 


In  the  second  case  we  obtain  (Fig/34) 

AE_  AE/AB/_AEr(Q/B/-2r)cos  <p 
AB     ~      0'B'-2rcosa  cp 

or  putting 


a' 


AE'=2a  and  0'B'  =  -r- 

a  —  a 


2r 


AE  = 


cos  q> 


W~  lab* 


cos  cp 
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Then   the  point  E   will   describe   an 
ellipse  whose  axes  are 


2a 


=AE'  and  2b=2a  a/0^-2t 


O'B' 


O'B' 

Finally    in    the     third     case    where 
0'B'<2r  we  have  (Fig.  35) 

A'F 
AB=(AK-AF)-OA 

v  '     .  cos  cp 

_2rcos>-Q'B' 
cos  cp 

and    consequently    the    inverse    radius 
vector 

A^     AB.'AE'      (AO'-O'BQAE'cosff 
AE_     AB      ~         2rcos>-0'B' 

or  putting 

AE'=2a  and  0'B'= 


a- 


a*  +  b 


,.2r 


A-n  cos© 

then  AE= , 

a      a 


a*  +  b2 
2^-+-2^COS^ 

an  equation  of  an  hyperbola  having  the 
origin  at  the  vertex,  and  of  which  the 
axes  are 

2a=AE'  and 


2b 


-9MA-Q^=AF/,/AB 

r   O'B' 


O'B' 


REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  of  Civil  Engineers. — 
The  July  issue  of  "  Transactions  "  is  at 
hand,  containing,  besides  some  important  dis- 
cussions of  previous  papers : 

No.  182,  On  the  Flow  of  Water  in  Rivers,  by 
De  Volson  Wood. 

The  Institution  of  Civil  Engineers. — 
Through  kindness  of  Mr.  James  Forrest, 
secretary,  we  have  received  the  following  ex- 
cerpt minutes  of  the  proceedings : 

The  Improvement  of  Dublin  Harbor  by  Arti- 
ficial Scour,  by  John  Purser  Griffith,  A.I.C.E. 

Strength  and  Elasticity  of  Materials,  William 
James  Millar. 

A  Search  for  the  Optimum  System  of  Wheel 
Teeth,  by  Edward  Sang. 

Machinery  for  the  Production  and  Trans- 
mission of  Motion  in  East  Lancashire  and 
West  Yorkshire,  George  William  Sutcliffe, 
A.I.C.E. 

Experiments  on  the  Filtration  of  Water,  by 
George  Higgin,  M.LC.E. 

Dock  Gates,  by  Adam  Fettiplace  Blandy,  M. 
I.C.E. 


We  have  received  also  from  the  same  source 
Part  III.  of  Vol.  57  of  "Abstracts." 


IRON  AND  STEEL  NOTES. 

For  Removing  Rust  from  Steel.— The  fol- 
lowing mode  is  recommended: — Place 
the  article  in  a  bowl  containing  kerosene  oil,  or 
wrap  the  steel  up  in  a  soft  cloth  well  saturated 
with  kerosene ;  let  it  remain  twenty-fours  hours 
or  longer;  then  scour  the  rusty  spots  with  brick- 
dust.  If  badly  rusted,  use  salt  wetted  with  hot 
vinegar;  after  scouring,  rinse  every  particle  of 
brickdust  or  salt  off  with  boiling  hot  water; 
dry  thoroughly,  then  polish  off  with  a  clean 
flannel  cloth  and  a  little  sweet  oil. 

Steel  Rails  on  the  Great  Eastern. — At 
the  recent  half-yearly  meeting  of  the  Great 
Eastern  Railway  Company,  it  was  stated  that  at 
the  end  of  the  half-year  350  single  miles  of  steel 
rails  would  be  laid  down.  The  experiments 
made  as  to  the  "life  "  of  steel  rails,  estimated 
at  thirty  years,  had  been  confirmed  by  the 
further  experience  of  last  year.  Circumstances 
might  arise  which  would  render  necessary  the 
expenditure  on  the  permanent  way  up  to  £150,- 
000.  During  the  next  three  years  the  average 
of  70  miles  of  steel  rails  a  year  would  be  laid 
down.  A  very  large  amount  of  steel  rails  at 
the  present  low  price  was  in  stock. 

The  Britannia  Tubular  Bridge. — It  was 
recently  stated  in  several  newspapers  that 
the  Britannia  Tubular  Bridge  was  rapidly  rust- 
ing away,  and  that  travelers  every  time  they 
crossed  it  were  placing  themselves  very  near 
eternity.  Mr.  Clark,  who  has  examined  the 
bridge,  says  that  the  rust  of  the  whole  10,540 
tons  of  which  the  bridge  consists  has  not  in 
twenty  years  amounted  to  a  single  pound 
weight ;  and  he  adds  that  if  similar  care  were 
continued  it  was  impossible  to  conceive  how 
any  practical  deterioration  could  take  place  in 
such  a  structure  even  in  several  centuries.  Mr. 
Clark  imagines  that  the  tar  and  sand  with 
which  the  cells  are  internally  coated,  and  which 
is  from  time  to  time  cleared  out,  have  been  mis- 
taken for  rust. 

UTILIZATION  OF  BLAST-FURNACE  ClNDER. — 
Mr.  Franz  Biittgenbach,  the  well-known 
metallurgist,  gives  the  following  method  for  the 
utilization  of  blast-furnace  cinder  as  an  insu- 
lator for  steam  pipes,  etc. :  Mix  150  parts  of 
cinder  dust,  35  parts  by  weight  of  fine '  coal 
dust,  250  parts  of  fire  clay,  and  300  parts  of 
flue  dust,  with  10  parts  of  cow's  hair,  add  600 
parts  of  water  into  which  10  to  15  parts  of  raw 
sulphuric  acid  has  been  poured,  and  make  a 
stiff  dough  of  the  whole.  This  is  thrown  in 
small  amounts  upon  the  warmed  pipe,  harden- 
ing rapidly.  Upon  this  rough  coat  a  second, 
third,  etc.,  is  laid,  according  to  the  thickness 
which  is  to  be  used.  By  the  action  of  sulphuric 
acid  gypsum  is  formed,  and  the  silica  rendered 
free  'hardens.  The  mass  becomes  as  hard  as 
porcelain  and  is  still  porous.  It  adheres  firmly 
and  never  cracks.  Mr.  Biittgenbach  states  that 
he  has  -tested  its  merits  by  ten  years'  use,  and 
has  found  it  to  meet  all  requirements. 
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Mi;  r  m.i  IC  Rookino— Apropos  of  new  uses 
for  iron,  which  arc  now  being  looked 
out  for  with,  as  it  would  seem,  but  insufficient 
zeal,  we  may  mention  that  systems  of  metallic 
rooting  have'  been  for  a  considerable  pet  iod  in 
vogue  In  more  than  one  Continental  state  The 
Montatairc  Company  in  France  have  a  patent 
system  of  metallic  tile  and  tile  fastening,  which 
promises  well  from  the  description,  and  has 
Riven,  we  believe,  satisfactory  results  in  prac- 
tice. A  firm  in  the  liar/.,  at  Rubeland,  is  now 
making  metallic  tiles,  not  like  the  Montaire 
Tile,  of  corrugated  plate,  but  of  charcoal  pig- 
iron.  This  firm  is  said  to  have  been  induced 
to  take  up  the  manufacture  by  noticing  that  a 
-t-iron  roofing  over  one  of  its  shops  had  stood 
for  fifty  years  without  undergoing  deterioration. 
It  was  also  found,  at  the  time  when  inquiries 
were  made  about  this,  that  a  neighboring  cas- 
tle, which  was  the  seat  of  the  Dukes  of 
Brunswick,  had  received  a  metallic  roofing  in 
1880,  and  that  this  roofing  was  still  absolutely 
sound  and  weather-tight,  The  Ri'ibeland  Com- 
pany state  that  as  against  common  tiles  the 
metallic  substitute  is  lighter  in  the  proportion 
36  (JO.  A  square  meter  can  be  covered  for  4s. 
6d. — Iron. 


Iron  and  Steel  Output. — An  elaborate 
table  of  the  iron  and  steel  output  of  the 
chief  producing  countries  in  the  world  has  been 
drawn  up  by  Mr.  Commissioner  Morrell,  which 
is  especially  interesting  at  the  present  time  as 
indicating  the  relative  position  of  the  producing 
countries.  The  percentage  of  the  production 
may  be  thus  tabulated: 

Iron.        Steel. 

Great  Britain 46.63  . .  39.70 

United  States 16.67  . .  26.53 

G-erm'y  (with  Luxembourg).  12.16  ..  13.87 

France 10.26  ..  10.17 

Belgium 4.07  ..  3.61 

Austria  and  Hungaiy 3.21   . .  4.08 

Russia 3  04  ..  .46 

Sweden 3.51  ..  .86 

Other  countries. ...   1.55   . .  .72 


100.00      100.00 

The  most  remarkable  feature  which  is  shown 
by  a  contrast  of  these  figures  for  the  present 
time  with  those  of  a  few  years  ago  is,  that  the 
position  of  the  great  iron-producing  district 
remains  substantially  the  same,  and  whilst 
there  has  been  a  very  material  advance  in  both 
that  and  the  production  of  steel,  the  United 
States  has  increased  her  output  of  steel  in  a 
much  more  rapid  ratio  than  have  other  of  the 
chief  producing  countries.  Whilst  Great 
Britain  produces  nearly  three  times  as  much 
pig-iron  as  does  America,  the  output  of  steel  is 
only  50  per  cent,  more,  and  the  difference 
seems  likely  to  be  very  largely  reduced.  In  the 
present  year,  whilst  the  output  of  iron  is  fall- 
ing in  Great  Britain,  the  contrary  is  the  case 
in  the  United  States;  and  the  production  of 
steel  is  at  its  full  extent  there,  whilst  here  it  is 
below  the  facilities  of  production. 
Vol.  XXI— No.  4—24 


RAILWAY  NOTES, 

P^XTHAOKIUNAUY    Wk.AK    OK    AN    IltON     RAIL. 
j    — At  the  meeting  of  the  American  Insti- 
tute of  Mining  Engineers,  Mr.  W.  B.  Coxe,  of 

the  Philadelphia  and  [leading  Rolling  Mills,  ex- 
hibited an  iron  rail  made  at  Reading  in  1870, 
which  had  until  1878  carried  (IT. 000,000  gross 
tons  of  freight,  cars,  and  engines,  having  been 
worn  at  the  top  of  the  head  only  3-10ths  of  an 
inch  during  its  nine  years  of  service.  The  head 
was  made  from  puddled  iron  bars,  piled,  heated, 
and  rolled  into  bars,  11:>  and  3  inches  wide  by 
1  inch  thick,  these  bars  breaking  joints,  heated, 
and  rolled  into  slabs  9  inches  wide  and  2  inches 
thick;  the  balance  of  the  rail  pile,  which  is  in 
section  9  inches  square,  was  made  of  4^  and 
3-inch  bars,  rolled  from  two-thirds  old  rails  and 
one-third  puddled  iron.  This  was  heated  and 
bloomed,  and  then  re-heated  before  rolling  in 
two  high  rolls  into  the  finished  rail.  The  test 
pieces  from  the  head  bar  of  this  rail  gave  a  ten- 
sile strength  of  63,000  pounds.  The  borings 
from  the  head  of  the  worn  out  rail  analyzed 
as  follows: 

Phosphorus 422 

Carbon 027 

Silica 392 

Sulphur 032 

Manganese 164 

Iron 98.963 


100.00 


Signalling  on  Railways. — Any  mechanical 
invention  tending  to  lessen  the  risk  of  mis- 
haps on  railways  will  always  be  regarded  by  the 
traveling    public    with  the    hearty  sympathy, 
which  a  matter  of  such  importance  to  them  can 
scarcely  fail  to  excite.    It  is  to  be  feared  that 
notwithstanding   the    precautions    which    are 
taken  on  most  of  our  great  railway  systems  to 
protect  the  public,  accidents  will  often  occur 
from  causes  over  which  the  officials  can  have 
no  control.     In  order  to  reduce  these  disasters 
to  the  smallest  possible  compass,  some  experi- 
ments with  what  was  termed  a  "chemical  sig- 
nal fire  "  were  undertaken  the  other  evening  at 
the  Elmers  End  station  of  the   South-Easfern 
Railway,  by  Mr.    Varley,   of  Norwood.    The 
new  signal  is   produced  by  a  torch,   wrhich, 
when  ignited  at  the  top,  throws  such  a  light 
across  the  railway  as  would  from  its  brilliancy 
immediately  attract  the  attention  of  an  engine- 
driver  who  would  have  ample  time  to  stop  his 
train  before  reaching  the  scene  of  the  accident. 
From  an  elevated  post  the  signal  could  be  seen 
about  a  milc-and-a-half  off.    The  torch  burns 
for  about  five  minutes,  and  by  its  aid  a  guard, 
in  case  of  a  break-down  or  collision,  could  warn 
the  drivers  of  approaching  trains  of  their  dan- 
ger.   Mr.  Varley  stated  that  the  Abbots  Hipton 
and  Hatfield  accidents  might  have   been  pre- 
vented had  this  signal  been  available,  as  in  each 
case  the  guards  were  unable  to  give  notice  of 
the  disaster  because  of  their  lamps  becoming 
useless.    One  of  the  torches  w^as  ignited  at  the 
Woodside  Station,  at  a  curve  of  the  line  about 
a  mile  off,  and  though  the  light  itself  could 
not  be  seen,  the  reflection  from  it  would  be  suf- 
ficient to  attract  the  attention  of  the  most  care- 
less observer. 
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A  New  Alpine  Railway. — On  July  25th 
the  southern  portion  of  a  new  Alpine 
railway,  to  connect  Italy  and  Austria,  was 
opened  at  Ponteba,  in  the  Venetian  district  of 
Udine.  The  ceremony  had,  for  reasons  to  be 
referred  to  presently,  no  official  character  be- 
yond the  presence  of  some  of  the  authorities  of 
the  "Alta  Italia"  line.  But  there  were  many 
visitors  from  Udine  and  even  from  distant 
Venice.  An  improvised  railway  terminus  was 
gaily  decorated.  A  military  band  played  all 
day,  and  even  all  night ;  for  there  -w  as  a  grand 
ball,  although  somewhat  shorn  of  its  splendor 
owing  to  the  absence  of  the  Austrian  engineers, 
who  had  constructed  all  the  northern  and  by 
far  the  largest  portion  of  the  line.  Yielding  to 
exaggerated  national  feelings,  the  Italian  mana- 
gers had  removed  the  Austrian  flags,  which  at 
first  formed  part  of  the  decorations;  and  the 
Austrians  felt  constrained  to  absent  themselves, 
lest  they  should  seem  to  acquiesce  in  what  may 
have  been  intended  by  some  as  an  affront.  The 
new  line,  which  runs  from  Travis  by  Pontafel 
and  Pcnteba  to  Udine,  will,  when  it  is  alto- 
gether opened  for  traffic,  be  a  most  valuable  ad- 
dition to  the  facilities  of  communication  be- 
tween Austria  and  Germany  and  Italy.  It  is 
enough  to  say  that  it  will  shorten  the  journey 
by  seven  or  eight  hours.  It  will  give  Italy  di- 
rect access  to  the  forests  and  iron  mines  of 
Carinthia,  for  the  mutual  advantage  of  both 
regions.  It  also  opens  up  an  easy  road  for  the 
transport  of  corn  from  Hungary  to  the  north- 
ern Italian  seaports.  The  Journey  from  Vil- 
lach  to  Udine  can  be  performed  in  four  hours ; 
five  hours  more  will  take  the  train  to  Venice. 
In  the  other  direction,  the  journey  from  Vil- 
lach  to  Vienna  will  be  performed  in  twelve 
hours.  Thus  Vienna  will  be  brought  within 
twenty-one  hours'  distance  of  Venice,  instead 
of  twenty-eight  as  at  present.  The  portion  of 
the  line  which  lies  within  Austrian  territory  has 
been  for  over  six  months  completed.  But  ow- 
ing to  differences,  partly  political,  partly  ad- 
ministrative and  finanical,  it  cannot  yet  be 
opened  for  traffic.  In  the '  original  arrange- 
ments between  the  Italian  and  Austrian  Gov- 
ernments certain  rates,  both  for  passengers  and 
goods,  were  agreed  upon  ;  but  the  Italian 
authorities  now  insist  on  changes  which  the 
Austrians  consider  would  be  very  prejudicial  to 
their  own  interests.  Again,  it  was  agreed  that 
there  was  to  be  a  common  Custom  house  at 
Pontafel,  and  the  station  there  was  built  of 
dimensions  capable  of  giving  the  necessary  ac- 
commodation. Now  the  Italians  demand  that 
the  Custom  house  shall  be  on  Italian  t3rritory 
at  Ponteba.  where  there  is  not  as  yet  even  a 
regular  railway  station.  The  Austrian  com- 
panies, also,  over  whose  lines  the  through  traf- 
fic should  pass,  have  not  been  able  to  come  to 
an  agreement  as  to  the  proportion  each  should 
have  out  of  the  traffic  charges.  Finally,  that 
part  of  the  Italian  position  which  joins  on  to 
the  Austrian  piece  near  Pontafel,  has  not  yet 
been  quite  finished ;  although  the  original  con- 
tract fixed  October  last  year  for  the  date  of 
completion.  The  Italian  portion,  which  was 
opened  on  July  25th  is  admirably  constructed. 
There  are  very  many  tunnels "  and  bridges. 
Some  of  the  works  can  hardly  be  paralleled  on 


any  other  European  line.  The  general  scenery 
resembles  that  of  the  Gothard  valley,  from 
Fluelen  by  the  Devil's  Bridge  to  Hospenadi. 

Conveyance  op  Troops  by  Rall. — A  novel 
experiment  was  recently  tried  at  the  Al- 
dershot  Railway  Station,  with  a  view  to  testing 
the  time  necessary  for  a  half  battery  of  Royal 
Horse  Artillery  to  load  and  unload  on  and 
from  a  train  in  the  presence  of  an  enemy.  It 
was  assumed  that  a  force  advancing  on  Alder- 
shot  had  part  possession  of  the  South-western 
iine,  and  that  it  was  necessary  to  ,  hurry  up 
artillery  to  support  infantry  in  checking  its 
further  advance.  For  this  purpose  a  half  bat- 
tery, full  war  strength,  composed  of  three  guns, 
three  officers,  eighty-eight  men,  and  eighty- 
eight  horses,  under  the  command  of  Captain 
England,  were  ordered  to  report  themselves  at 
Aldershot  Town  Station  at  nine  o'clock.  On 
arrival  they  found  in  the  goods  yard  a  train 
awaiting  them,  consisting  of  eight  trucks  for 
guns  and  carriages,  eleven  cattle  trucks  for 
horses,  one  horse  box  for  officers'  chargers,  and 
two  carriages  for  officers  and  men.  There  was 
no  difficulty  whatever  about  the  loading  opera- 
tion, which  took  place  from  a  platform  almost 
level  with  the  embarking  troops,  and  was  ac- 
complished in  the  short  time  of  forty -five  min- 
utes. The  train  was  then  shunted  on  to  a  sid- 
ing, it  being  supposed  that  having  traveled  a 
certain  distance  it  had  found  the  track  torn  up, 
and  that  the  exigencies  of  the  occasion  required 
an  immediate  landing  at  a  point  where  there 
were  no  immediate  appliances  at  hand  for  the 
disembarkation  of  troops.  The  ''down"  as 
well  as  "up"  having  been  destroyed,  it  was 
suggested  by  Mr.  Adkin,  the  Aldershot  station 
master,  that  rails  should  be  used  for  the  pur- 
pose of  unloading  the  guns.  A  portion  of  the 
line  was  therefore  supposed  to  be  torn  up  and 
laid  side  on  to  the  end  of  the  gun  trucks,  the 
guns  and  carriages  being  lowered  by  means  of 
ropes  on  the  permanent  way.  Then  arose  a 
point  as  to  how  the  horses  were  to  be  disem- 
barked from  the  side  of  the  cattle  trucks.  There 
was  no  hesitation  about  the  matter,  spare  sleep- 
ers having  been  brought  into  requisition  they 
were  piled  on  top  of  one  another,  so  as  to  form 
a  stage,  and  on  them  were  placed  a  couple  of 
rails,  over  which  other  sleepers  were  thrown,  so 
as  to  form  a  good  solid  way  over  which  horses 
could  travel.  As  each  truck  was  discharged 
the  train  moved  on,  so  that  truck  by  truck  the 
horses  were  disembarked.  The  whole  operation 
was  conducted  without  a  hitch  of  any  kind  in 
the  short  space  of  one  hour  and  twenty-five 
minutes.  This  was  rather  a  severe  trial  to  the 
men,  as  in  actual  warfare  they  would  have  been 
assisted  by  infantry,  and  doubtless  have  gone 
through  their  work  in  much  less  time.  The  re- 
sult of  the  trial  was  considered  to  be  highly 
satisfactory. 

The  Past,  Present,  and  Future  of  Rail- 
ways.— In  a  recent  publication,  Sir  Ed- 
ward Watkin  reviews  the  past,  present,  and 
future  of  English  railways.  The  contrast  be- 
tween the  railway  system  of  the  14th  of  Sep- 
tember, 1830,  when  the  Liverpool  and  Manches- 
ter line  was  opened,  and  that  of  to-day,  is  great. 
In  1830  a  total  of  55  miles  of  railway  was  tra- 
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versed  by  locomotives:  now  there  are  17,500. 
Then  the  speed    Of   trains   might   be  taken  at  a 

maximum  of  80,  now  of  (50  miles  an  hour. 
Then  the  weight  of  the  engine  was  under  6 
tons,  now  under  40;  while  per  ton  of  weight 
the  modern  engine  is  much  more  powerful. 
The  capital  of  the  Liverpool  and  Manchester 
Railway,  of  81  miles,  was,  according  to  pros- 
pectus, £400,000,  and  that  of  the  other  railway 
— the  Stockton  and  Darlington — probably  £200,- 
000  more.  Now  there  is  an  expended"  capital 
of  about  £700,000,000,  and  an  annual  gross 
revenue  of  £65,000,000— in  each  case  approxi- 
mating in  amount  to  the  debt  and  annual  ex- 
penditure of  Great  Britain.  Six  hundred  mil- 
lions of  passenger  tickets  are  issued  each  year, 
or  nearly  twenty  times  the  number  of  our  popu- 
lation; 400,000  persons  are,  iu  addition,  regular 
travelers  as  holders  of  periodical  tickets. 
70,000,000  tons  of  merchandise  and  150,000  tons 
of  minerals  are  also  annually  conveyed.  As  re- 
gards the  future, Sir  Edward  Watkin  believes  the 
desideratum  to  be  greater  speed  of  traveling  and 
transit;  not  greater  speed  probably  in  every 
train,  but  a  greater  average  speed.  At  present 
the  goods  and  coal  and  stopping  passenger 
train  is  in  the  way  of  the  fast  through  express, 
and  some  of  the  greater  companies  have  bat- 
tled with  the  difficulty  by  doubling  their  lines 
of  rail,  thereby  expending  a  large  new  capital, 
totally  out  of  proportion  to  the  new  money- 
earning  means  obtained.  It  has  been  found 
that  so  much  space  represents  so  much  traffic- 
carrying  power;  not  an  indefinite  quantity. 
Unless  it  could  be  assumed  that  augmenting 
trade  would  not  in  a  while  be  an  aid,  "these  du- 
plications, in  the  absence  of  largely  increasing 
receipts,  must  rapidly  tend  to  reduction  of  divi- 
dend. In  fact,  it  is  possible  to  realize  a  state 
of  circumstances  under  which  the  proportions 
of  capital  and  aet  earnings  might  become  so 
much  disturbed  that  the  "  ordinary  stock  "  of 
railway  capital  would  be  largely  depreciated. 
Capital  is  an  increasing  quantity ;  working  ex- 
penses are  an  increasing  quantity  also,  and  taxa- 
tion and  compensation  show  the  same  tenden- 
cies. These  are  conditions  that  stand  in  the 
way  of  great  improvements  of  service ;  for  a 
poor  railway  can  do  nothing  but  hold  on.  Too 
many  railway  managers,  for  want  of  a  thorough 
experience  "  out-of-doors,"  do  not  comprehend 
that  the  secret  of  dividend  is  minimum  of  capi- 
tal outlay  and  the  maximum  of  traffic  at  paying 
rates.  The  chief  object  is  the  maximum  of 
utilization  of  railways.  If  a  passenger  can 
travel  at  sixty  miles  an  hour,  the  reason  why 
mineral  trains  cannot  be  equally  expeditious  is 
because  proper  vehicles  are  not  constructed  for 
the  purpose,  and  the  result  is  only  a  partial 
user  of  lines  of  road.  Sir  Edward  Watkin 
would  have  all  plant  alike  made  fit  for  running 
at  a  higher  speed.  Much  as  England  owes  in 
the  past  to  railways,  in  the  future  a  great  deal 
more  will  be  expected  from  them.  The  railway 
is  the  only  shop  which  cannot  shut  its  doors. 
It  must,  almost  without  notice,  take  up  and 
set  down  as  many  passengers  as  choose  to  pre- 
sent themselves  at  thousands  of  booking  offices, 
or  as  many  tons  of  goods  and  minerals  as  the 
owners  see  fit  to  transmit.  In  the  economy  or 
"  the  exhaustive  use  "  of  time  lies  the  secret  of 
success  or  failure  individually  and  nationally. 
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IT  has  been  announced  in  the  Temps  that  the 
boring  of  the  shaft  for  the  purpose  of  in- 
vestigating the  nature  of  the  chalk  strata  through 
which  the  submarine  tunnel  between  England 
and  France  is  to  pass,  was  resumed  on  the 
French  coast  at  Sangatte  on  the  1st  of  March 
last.  The  depth  of  the  shaft,  which  at  the  end 
of  last  year  was  at  34.35  meters,  was  extended 
to  38.50  meters — that  is,  to  a  depth  correspond- 
ing to  8.67  meters  below  the  low  water  level. 
At  this  depth  the  fiow  of  water  into  the  shaft 
amounted  to  1300  liters  per  minute,  and  the 
pumps  became  insufficient.  They  are  to  be  re- 
placed by  others  of  a  more  powerful  character. 

"^Tew  Steel  Railway  Bridge. — A  new 
JJN  railway  bridge  over  the  Missouri  river, 
built  wholly  of  steel,  has  lately  been  completed 
and  opened  for  traffic  by  the  Chicago  and  Alton 
Railway  Co.  The  bridge  is  located  at  Glasgow, 
Mo.  The  constructing  engineer  was  Gen.  Wm. 
Sooy  Smith.  The  material  was  furnished  by 
the  Hay  Steel  Co. ,  of  Chicago,  and  while  the 
structure  is  stronger  than  an  iron  bridge  its 
weight  is  thirty- three  per  cent.  less.  The  time 
of  construction  was  only  one  year.  The  cost, 
$450,000.  The  following  are  the  principal  di- 
mensions : 

Five  spans,  314f  feet  each,  from  center  to 
center  of  piers,  three  above  and  two  below 
grade;  all  steel;  depth  of  truss,  36  feet  center 
to  center  of  pins.  Height  of  through  spans 
above  high  water,  50  feet.  East  approach,  iron 
trestle,  210  feet;  two  deck  spans  of  iron,  140 
feet  each,  280  feet;  west  approach,  iron  deck 
span,  140  feet;  west  approach,  iron  trestle,  510 
feet;  west  approach,  wooden  trestle,  864  feet; 
total  length  of  the  bridge  proper  (steel  \  1,573£ 
feet;  total  length  of  bridge  and  approaches, 
3,577£  feet. 

HHhe  Solihull  sewerage  works,  which  consist 
JL  of  a  sewage  farm,  situated  near  Cather- 
ine-de-Barnes, Solihull,  and  between  three  and 
four  miles  of  sewers,  were  officially  handed 
over  on  the  29th  ult.  to  the  Solihull  rural  sani- 
tary authority  by  the  contractors,  Messrs.  W. 
Green  and  Son,  of  Warwick.  The  works, 
which  have  been  designed  by  Mr.  E.  Pritchard, 
C.  E.,  Warwick  and  Westminster,  and  carried 
out  under  the  supervision  of  Mr.  C.  Lewall,  C. 
E.,  the  resident  engineer,  were  commenced  in 
July,  1878  and  have  cost  between  £6,000  and 
£7,000,  provision  being  made  for  a  population 
of  7,000.  The  sewers  are  upon  the  straight 
line  system,  with  man-holes  and  ventilators  at 
each  change  of  inclination,  both  vertical  and 
lateral.  The  length  of  sewers  is  three  miles 
410  yards;  viz.,  2,590  lineal  yards  of  outfall 
15in.  diameter,  and  3,100  lineal  yards  of 
branch  sewers  9in  diameter.  The  depth  of 
sewers,  in  consequence  of  the  superficial  con- 
figuration of  the  ground,  is  great,  being  nearly 
20ft,  in  places.  At  each  end  of  the  sewers  is 
a  flushing-chamber,  containing  between  3C0 
and  400  gallons  of  water.  The  sewage  farm 
is  15  acres  in  extent,  and  has  been  obtained 
on  lease  for  twenty  years  at  a  reDt  of  £4  per 
acre.  The  mode  of  disposing  of  the  sewage 
is  filtration  and  irrigation  combined.    The  sew- 
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age  is  first  received  into  tanks,  which  are  in 
duplicate,  where  deposition  takes  place,  and 
subsequently  it  is  clarified  by  upward  straining 
through  a  bed  composed  of  9in.  of  thick 
gravel.  The  clarified  sewage  then  passes 
through  underground  carriers,  and  is  dis- 
tributed over  the  ground  by  means  of  brick 
chambers  of  a  novel  character,  supplied  with 
disc  valves.  The  land  is  divided  into  four  plots, 
and  is  thoroughly  drained  to  a  depth  of  about 
6ft.  For  times  of  considerable  rainfall  provision 
is  made  by  beds  three-quarters  of  an  acre  in  ex- 
tent, where,  by  intermittent  filtration,  the  sew- 
age is  disposed  of. 

T3AILWAY   ACROSS    THE    SAHARA. — MonS.    de 

JT\>  Freycinet,  Minister  of  Public  Works, 
lately  presented  to  the  President  of  the  French 
Republic  the  report  of  the  committee  appointed 
to  consider  Mons.  Dapouchel's  project  for  unit- 
ing Algeria  with  the  Niger  by  an  unbroken  line 
of  railroad  1,250  miles  in  length.  The  general 
statement  of  the  committee  was  to  the  effect : 
1st.  That  there  exists  in  Soudan  a  large  popula- 
tion, a  fertile  soil,  and  natural  riches  which  are 
uncultivated.  It  is  very  important  to  open  out- 
lets for  commerce  through  the  French  posses- 
sions, which  are  the  most  favorably  situated  for 
this  purpose.  France  ought  to  follow  the  ex- 
ample of  England,  and  do  her  best  to  induce 
the  caravans  to  cross  French  territory  instead  of 
only  coming  to  its  borders.  2d.  The  opening 
of  a  railway  joining  our  possessions  in  Algeria 
with  Soudan  is  necessary,  in  order  to  obtain 
this  double  result.  3d.  It  is  also  necessary  to 
join  Senegal  with  the  Niger.  4th.  The  ex- 
plorations or  surveys  of  the  undertaking  ought 
to  be  directed  simultaneously  from  Senegal  and 
from  Algeria,  and  the  plans  ought  to  include 
both  directions.  5th.  South  of  Algeria,  the 
uncertainty  which  exists  regarding  the  topo- 
graphy, the  climate,  the  resources,  and  the 
inhabitants  of  certain  parts  of  the  Sahara, 
make  it  necessary  to  proceed  with  care  in  order 
to  avoid  mistakes  and  military  complications. 
6th.  It  will  be  advantageous  to  start  immedi- 
ately with  a  preliminary  line  between  Biskra 
and  Ouargla  of  about  200  miles.  This  line 
can  be  joined  by  the  Hodua  to  the  line  from 
Algiers  to  Constantine.  As  far  as  Ouargla 
ordinary  escorts  appear  sufficient  to  protect  all 
operations.  7th.  A  credit  of  £800  will  be  de 
manded  to  meet  the  expenses  of  the  surveys, 
and  the  needs  of  the  explorers. 

While  the  committee  have  been  considering 
the  matter  referred  to  them,  committees  of  the 
Chambers   of   Deputies   and  the   Senate  have 
expressed  decided  opinions    on   the   need   of 
immediate  action  in  regard  to  the  opening  of 
railways  in  Northern  Africa     The  Commission 
of  the  Senate  on  the  Railroads  of  Algeria  have 
reported  as  follows:— "  The  committee  unani- 
mously agree  to  the  surveys  which  are  neces- 
sary for  the  execution  of  the  railroad  across  the 
Sahara;  they  are  certainly  convinced  that  it  is 
greatly  to  the  interests  and  to  the  advantage  j 
of  our  country  for  us  to  solve  this  problem  of  | 
the  basin  of  the  Niger,  and  to  be  in  advance) 
regarding   the.  civilization  of  those  countries  I 
which  our  colony  of  Algeria  opens  to  us." 

At  the  suggestion  of  M.  de  Freycinet,  the  I 


President  of  the  Republic  has  appointed  a  Com- 
mission, with  power  to  cause  surveys  to  be 
made,  and  to  institute  such  exploring  expedi- 
tions as  are  found  to  be  necessary  to  decide  as  to 
the  practicability  of  constructing  the  proposed 
railroad.  Those  interested  in  the  scheme  are 
of  opinion  that  the  Sahara  itself  will  not  form 
so  serious  an  obstacle  as  has  been  supposed, 
and  that  it  will  be  possible  to  obtain  water  by 
sinking  wells  in  many  parts  of  the  desert  'dis- 
trict.— Eng.  Mech. 


ORDNANCE  AND  NAVAL 

Utilization  of  Old  Guns. — A  great  num- 
ber of  breech-loading  guns,  Armstrong 
pattern,  25-pounders  and  40-pounders,  which 
have  lain  unused,  in  the  Woolwich  Arsenal,  for 
a  good  many  years,  are  now  being  brought  for- 
ward for  employment,  and,  after  examination 
and  any  necessary  repairs,  they  will  be  mounted 
in  Cork  Harbor,  and  such-like  places,  for  coast 
defense.  Many  of  these  guns  have  never  left 
the  arsenal  since  they  were  made,  and  the  re- 
mainder, though  classed  as  repairable,  have 
been  scarcely  thought  of  for  ten  years  past,  un- 
til the  reaction  in  favor  of  breech-loaders  has 
once  more  brought  them  into  notice. 

The  Chinese  Gunboats. — The  trial  of  four 
gunboats,  supplied  by  Sir  William  Arm- 
strong &  Co.  to  the  Chinese  Government,  took 
place  yesterday.  These  vessels  are  called  the 
Epsilon,  Zeta,  Eta,  Theta,  in  succession  to  the 
four  previously  sent  out.  The  trial  was  wit- 
nessed by  the  "Admiralty  and  War  Office  au- 
thorities, as  well  as  by  the  Chinese  ambassador 
and  suite.  The  gunboats  steamed  down  Spit- 
head  and  fired  their  heavy  guns  both  with  blank 
cartridge  and  Palliser  shot.  Each  boat  carries 
one  35-ton  gun,  with  an  enlarged  chamber, 
which  gives  it  much  greater  power  than  the  38- 
ton  gun  at  present  in  our  service.  At  the 
conclusion  of  the  trial,  which  was  very  success- 
ful, the  boats  started  together  for  Plymouth, 
en  route  for  China. — Builder. 

ARMOR-PLATE  EXPERIMENTS  AT  PORTS- 
MOUTH.— Another  highly  satisfactory 
trial  of  a  compound  steel  and  iron  armor-plate, 
intended  for  the  protection  of  the  turrets  of  the 
double  turret  ship  Inflexible,  and  manufactured 
by  Messrs.  Cammell  &  Co.,  of  Sheffield,  was 
made  on  board  the  Nettle,  target  ship,  at  Ports- 
mouth. The  test  was  of  the  same  crucial 
character  as  on  former  occasions.  .Three 
rounds  were  fired  from  the  12-ton  9-inch  gun  at 
the  plate  at  spots  a  foot  apart,  the  range  being 
30  feet,  the  charge,  50  lbs. ,  and  the  weight  of 
the  Palliser  projectile,  250  lbs.  The  manufac- 
ture of  this  novel  description  of  composite  ar- 
mor has  been  brought  to  so  high  a  state  of  per- 
fection, and  the  ordeal  through  which  each 
plate  is,  for  prudential  reasons,  required  to 
pass  previous  to  its  acceptance  by  the  Admiral- 
ty, is  now  attended  with  such  uniform  results, 
that  the  effect  of  each  impact  might  be  well- 
nigh  foretold.  The  plate  which  was,  on  this 
occasion,  subjected  to  trial  was  the  fourth  of 
the  seven  which  had  been  manufactured  by  the 
Sheffield  firm  for  the  fore  turret,  and  the  ex- 
traordinary resistance  offered  to  the  penetration 
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of  -hot  exhibited  by  the  armor  Mas  >^o  Like  that 
of  previous  plates  that,  with  the  alteration  of  a 
few  details  of  no  importance,  the  description  of 
one  series  of  tests  would  apply  to  all.  In  every 
instance,  the  projectile  broke  up  and  fell  into  a 
■  '■"■'.  of  splinters  upon  the  gun  deck,  the 
splash  of  the  projectile  upon  the  Bteel  lace  of 
the  shot  opening  a  crack  round  the  lower  cur- 
ire  of  the  impact  and  filling  up  the  indent 
With  it-  own  semi-molten  metal.  The  first 
round  struck  "2  feet  6  inches  from  the  right 
ge  of  the  target  and  4  feet  ?:54  inches  from 
the  bottom  edge,  producing  three  radial  ("racks 
of  very  regular  form,  one  of  which  extended  to 
the  right  edge.  This  was  substantially  the 
same  as  happened  with  No.  3  plate,  and  the  di- 
agram or  picture  taken  after  the  first  round,  on 
that  occasion,  was  almost  i\  facsimile  of  the  ap- 
pearance presented  before.  The  second  shot 
struck  5£  inches  to  the  right  of  the  former 
point  of  impact  and  23  inches  below  it.  It 
opened  some  very  fine  hair  cracks,  which  could 
just  be  observed  underneath  the  film  of  paint 
with  which  the  surface  of  the  plate  had  been 
covered  for  photographic  purposes.  It  also 
produced  two  cracks  of  no  apparent  depth  at 
spots  remote  from  the  part  hit,  and  which  were 
probably  caused  by  vibration.  One  of  these 
extended  to  the  right  edge.  The  third  round — 
always  the  most  destructive  because  of  its  cu- 
mulative effects,  and  also  in  consequence,  no 
doubt,  of  the  movement  set  up  in  the  molecules 
of  the  plate  itself— hit  15  .J  inches  below  and  16 
inches  to  the  left  of  No.  1.  This  blow  opened 
four  more  cracks,  one  extending  from  the  point 
of  impact  to  the  left  edge  of  the  plate.  The 
punishment,  in  itself,  was  slight,  but  the  force 
of  the  blow  developed  some  of  the  radial  cracks 
produced  by  the  previous  rounds  until  they 
seemed  to  have  been  produced  by  the  last  shot. 
31  a  try  of  the  cracks  extended  only  slightly  be- 
low the  surface,  and,  in  no  instance,  did  any  of 
them,  when  fully  developed  by  subsequent  im- 
pacts, sink  further  than  the  weld;  and  so  far 
was  the  plate  from  being  penetrated  by  the  pro- 
jectiles that  there  is  reason  to  believe  the  in- 
dents did  not  proceed  further  than  the  iron 
backing  which  holds  the  s',eel  together.  These 
consecutive  trials  on  board  the  Nettle  are  grad- 
ually proving  that  the  use  of  steel,  in  combina- 
tion with  iron,  for  defensive  armor  will  be  the 
best  means  of  keeping  oat  shot  and  shell  by 
breaking  them  up  on  impact. 

A  Great  Gun  Trial  at  Woolwich. — The 
first  shot  was  fired  from  the  first  of  the 
100-ton  guns  at  Woolwich  recentl}r,  and  was  the 
occasion  of  much  interest.  It  may  be  necessary 
to  explain  that,  at  the  time  when  the  special 
vote  of  credit  was  passed,  in  the  spring  of  1878, 
it  was  discovered  that  Sir  William  Armstrong 
had  on  hand,  at  his  Elswick  factory,  four  guns 
of  100  tons  apiece,  and  that  their  ultimate  des- 
tination was  too  doubtful  to  permit  of  their  be- 
ing disregarded,  one  such  gun  being  calculated 
to  destroy  any  armored  ship  at  present  afloat. 
It  was  determined,  therefore,  to  purchase  them, 
and  they  became  the  property  of  the  British 
nation  at  the  cost  of  £16,000  per  gun,  when 
completed.  The  four  guns  have  now  been  de- 
livered at  the  Royal  Arsenal,  and  it  was  one  of 


them  which  was  put  to  the  proof.      Its    con\ 
ance  to  the  proof  butts  below  the  Arsenal  was  a 
source  of   some  anxiety,  for   it    is  questionable 

whether  so  heavy  a  deadweight,  standing  upon 

bo  limited  a  base,  has  ever  before  been  taken 

along  B  railway,  and  neither  the  rails  to  the 
butts  nor  the  bridge  over  the  canal  were  de- 
signed for  such  a  task.  The  Royal  Engineers 
had.  however,  fortified  the  bridge  with  two  ad- 
ditional girders  and  a  packing  of  wood  and  iron, 
and  the  rails,  being  mostly  steel,  were  trusted  to 
do  the  work.  Two  locomotive  engines,  the 
"Gunner"  and  the  "Driver,"  belonging  to  the 
Royal  Gun  Factories,  sufficed  for  the  duty,  a 
third  engine,  borrowed  from  the  Southeastern 
Railway  Company,  being  not  required.  In- 
stead of  being  on  a  low  sleigh,  as  most  guns 
proved  at  Woolwich  are,  this  gun  stood  elevat- 
ed upon  a  superstructure  consisting  of  its  own 
service  carriage,  and  the  slide  upon  which  it 
recoils,  the  whole  mass  resting  upon  two  little 
six-wheeled  bogie  trucks,  making  the  total 
weight  170  tons.  In  the  eyes  of  the  skilled  en- 
gineers of  the  Royal  Arsenal,  the  passage  of  the 
gun  was  a  grand  procession,  and  the  gun  on  its 
car,  representing  an  outlay  of  £25,000,  seemed 
to  embody  the  triumph  of  mechanism.  The 
canal  was  safely  crossed,  the  bridge  giving 
barely  three-quarters  of  an  inch  under  the  enor- 
mous load,  and  recovering  its  shape  immedi- 
ately afterward.  Preparations  were  immedi- 
ately made  for  the  trial,  but  this  was  delayed 
until  five  o'clock  for  the  expected  arrival  of  a 
member  of  the  Armstrong  firm,  who,  however, 
did  not  appear.  The  gun  stood  for  the  ordeal 
upon  the  inclined  rails  from  which  the  81-ton 
guns  were  fired,  and  about  80  yards  in  front 
was  one  compartment  of  the  butts,  a  bay  filled 
with  sand,  which  was  to  receive  the  shot.  The 
shot  was  a  flat-headed  projectile,  weighing 
2,01 0  lbs.,  or  just  about  18  cwt.  Like  the  gun 
and  carriage,  it  was  made  at  Elswick,  and  was 
fitted  with  a  gas  check,  which  is  now  adopted, 
generally,  instead  of  studs,  to  follow  the  grooves 
of  the  rifling.  It  was  made  very  little  less  than 
the  bore,  which  has  a  caliber  of  17£  inches,  in- 
creasing to  19£  inches  in  the  powder  chamber. 
The  thickness  of  metal  at  the  muzzle  is  about 

5  inches  only,  but  at  the  breech  end  the  cham- 
ber is  surrounded  with  a  wall  of  iron  2  feet  5 
inches  through,  making  the  maximum  diameter 

6  feet  6  inches.  In  length  the  gun  is  36  feet,  of 
which  the  bore  occupies  33  feet,  and  the  total 
length  of  gun  and  carriage,  when  run  out  for 
firing,  is  44  feet.  The  experiment  was  con- 
ducted under  the  supervision  of  General  Young- 
husband,  R.  A.,  the  head  of  the  Gun  Factories, 
and  president  of  several  scientific  committees. 
Captain  Morley,  R.  A.,  proof  master,  directed 
the  loading;  and  among  the  other  officials  en- 
gaged were  Colonel  Noble,  R.  E.,  Inspector  of 
Works;  Major  F.  Ellis,  Secretary  of  the  Ord- 
nance Committee;  Captain  O'Brien,  R.  E  ,  and 
Mr.  R.  S.  Frazer,  Deputy  Superintendent  of  the 
Royal  Gun  Factories.  The  cartridge,  consist- 
ing of  440  lbs.  of  cube  powder,  strongly  bound 
in  canvas,  and  stiffened  by  wooden  bands,  was 
rammed  home,  occupying  5  feet  of  the  bore, 
and  then  followed  the  projectile,  the  length  of 
which  was  2  feet  8  inches.  Electric  screens 
were  placed  at  intervals,  to  measure  the  veloci- 
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ty  as  the  shot  passed  through  them,  and 
crusher  gauges  were  inserted  both  in  the  base 
of  the  shot  and  in  the  base  of  the  chamber,  to 
record  the  pressure  of  the  explosion  in  those 
situations.  The  spectators  having  retired  to  a 
prudent  distance,  the  gun  was  fired,  by  elec- 
tricity, from  the  instrument  room,  and  recoiled 
a  good  way  up  the  platform,  but  suffered  no 
damage  either  to  itself  or  carriage.  The  screens 
registered  a  velocity  of  1,590  feet  per  second, 
which  is  a  good  figure,  but  the  projectile  was 
found  to  have  broken  up,  which  may  have 
affected  the  result.  The  fragments  of  the  shot 
and  the  expansion  of  the  sand  did  considerable 
damage  to  the  wooden  enclosure  of  the  butts, 
which  are,  however,  in  a  dilapidated  condition. 
The  experiments  were  to  have  been  con- 
cluded on  Mod  day,  as  the  drawbridge  is  im- 
movable until  the  return  journey  is  accom- 
plished, but  the  unexpected  results  of  the  one 
shot  fired  on  Friday  have  decided  the  authori- 
ties to  take  time  for  consideration.  It  is  under- 
stood that  an  examination  of  the  crusher- 
gauges  placed  in  the  gun  has  revealed  a  high 
degree  of  pressure,  which  is  scarcely  consistent 
with  the  conditions,  and  hence  there  is  a  pause 
before  proceeding  to  higher  charges.  When 
it  is  remembered  that  25  tons  to  the  square  inch 
was  the  safety  limit  in  the  case  of  the  81-ton 
gun,  it  may  appear  that  there  is  nothing  re- 
markable in  a  mean  pressure  of  about  20  tons 
to  the  inch  in  the  case  of  the  100-ton  gun;  but 
there  are  other  facts  to  be  included  in  the  com- 
parison, one  of  which  is,  that  the  powder 
charge,  although  weighing  about  4cwt.,  was, 
by  no  means,  large  for  such  a  gun— less,  in  re- 
ality, by  10  lbs.,  than  the  maximum  charge 
fired  by  the  Woolwich  gun  last  year.  Again, 
the  altered  circumstances  arising  from  the  un- 
usual shape  of  the  projectile,  which  was  short 
for  the  gun's  length,  and  presented  considera- 
ble area  of  resistance,  are  quite  at  variance 
with  previous  experiences  in  British  gunnery, 
and  preclude  the  possibility  of  fair  comparison. 
Another  reason  for  the  postponement  is  believed 
to  be  the  breaking  up  of  the  Armstrong  shot 
when  fired  into  the  butts.  It  is  not  taken  for 
granted  that  this  failure  was  due  to  defective 
manufacture,  for  the  service  projectiles,  how- 
ever carefully  made,  have  sometimes  split  into 
fragments  before  or  after  leaving  the  gun,  and, 
formerly,  proof  shot  was  especially  liable  to 
this  weakness,  being  cast  with  less  caution  than 
at  present.  It  is  conjectured  that  the  breaking 
up  was  caused  by  the  projectile  striking  against 
another  lying  buried  in  the  sand  of  the  butts, 
and  it  is  asserted  that,  even  if  it  parted  imme- 
diately upon  leaving  the  gun,  there  would  be 
little  possibility,  at  so  short  a  range,  of  any  of 
the  fragments  going  over  the  butts.  There  are, 
however,  two  more  projectiles  of  the  same 
workmanship  to  be  fired  before  the  proof  is 
completed,  and,  as  it  is  arranged  that  the  three 
other  100-ton  guns  shall  be  subjected  to  the 
same  tests,  the  bad  luck  of  the  first  shot  has  oc- 
casioned some  misgivings.  The  gun  has  been 
examined  by  taking  impressions  of  the  bore, 
and,  as  far  as  can  be  ascertained  by  this  test,  it 
was  found  to  be  do  worse  for  the  preliminary 
ordeal  through  which  it  has  passed. 

— Iron 
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An  Introduction  to  the  Practice  of 
Commercial  Organic  Analysis.  By 
Alfred  H.  Allen,  F.  C.  S.  Vol.  I.  Philadel- 
phia :  Lindsay  &  Blakiston.  For  sale  by  D  .Van 
Nostrand.     Price  $3.59. 

The  extent  of  the  ground  covered  in  this  first 
volume  is  briefly  expressed  by  the  mention  of 
the  groups :  The  Cyanogen  Compounds,  Alco- 
hols, Neutral  Derivatives  of  Alcohol,  Acid 
Derivatives  of  Alcohol  and  Vegetable  Acids, 
Phenols  and  Acid  Derivatives  of  Phenols. 

One  characteristic  of  the  work  is  an  absence 
of  symbolic  abbreviations,  and  which  will  be 
regarded  as  a  merit  by  many.  The  typography 
is  good. 

Modern  Meteorology:  A  Series  of  Six 
Lectures  before  the  British  Meteorolog- 
ical Society.  London:  Edward  Stanford. 
For  sale  by  D.  Van  Nostrand.     Price  $1.50. 

These  lectures  are  by  eminent  men,  but  are 
prepared  for  audiences  familiar  only  with  the 
common  and  obvious  properties  of  the  atmos- 
phere, and  with  only  the  leading  laws  of  phys- 
ics. The  book  may  be  profitably  read  by  the 
tyro  in  science  with  pleasure  and  much  profit. 

The  lectures,  in  order,  are : 

The  Physical  Properties  of  the  Atmosphere. 
By  Robt.  James  Mann,  F.  R.  A.  S.,  F.  R.  G.  S. 

Air  Temperature ;  Its  Distribution  and  Range. 
By  John  Knox  Laughton,  F.  R.  A.  S. 

The  Barometer  and  its  Uses,  Winds  and 
Storms.     By  Richard  Strachan,  F.  M.  S. 

Clouds  and  Weather  Signs.  By  Rev.  W. 
Clement  Ley,  F.  M.  S. 

Rain,  Snow  and  Hail.  By  George  James 
Symons,  F.  R.  S. 

Methods  and  General  Objects  of  Meteorology. 
By  Robt,  H.  Scott,  F.  R.  S. 

First  Book  in  Qualitative  Chemistry. 
By  Albert  B.  Prescott,  Professor  of 
Applied  Chemistry  in  the  University  of  Michi- 
gan, Author  of  "Outlines  of  Proximate  Organ- 
ic Analysis,"  "  Chemical  Examination  of  Alco- 
holic Liquors,"  and  joint-author  of  "  Qualitative 
Chemical  Analysis."  New  York:  D.  Van  Nos- 
trand. Price  $1.50. 
The  following  is  from  the  author's  preface : 
"This  little  manual  has  been  prepared  for 
certain  classes  who  take  a  short  course  in  quali- 
tative chemical  work,  to  attain  some  practical 
acquaintance  with  the  materials  of  every-day 
life,  rather  than  to  qualify  as  analysts.  The 
scope  of  the  work  includes  a  more  definite  study 
of  bases  and  acids  than  is  taught  in  ordinary 
courses  of  experimental  chemistry,  and  a 
broader  study  of  chemical  characteristics  than 
is  provided  in  the  common  rudimentary  quali- 
tative analysis.  *  *  Its  limits  as  a  first  book 
are  further  explained  by  the  circumstance  that  it 
is  prepared,  primarily,  for  use  under  teachers 
who  also  employ  the  author's  larger  work  upon 
Qualitative  Analysis." 

The  success  of  Prof.  Prescott  as  an  instructor 
and  writer  will  insure  a  good  reception  for  this 
elementary  work. 

Report  on  a  Preliminary  Investigation 
of  the   Properties  of  the   Copper- 
Tin    xIlloys.     By    Robert    H.     Thurston. 
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"Washington:     Government     Printing     Office 
For  Bale  by  I).  Van  NoMrand.      Price  $2.50. 

This  is  a  report  upon  one  branch  of  the  labor 
assigned  to  the  United  states  Hoard,  which  was 
established  to  direct  a  series  of  testa  upon  iron, 
I  and  other  metaK  A  Committee,  formed 
by  the  Hoard,  were  directed  to  determine  the 
mechanical  properties,  the  physical  and  chem- 
ical relations  of  alloys  of  copper,  tin  and  /.inc. 
The  researches  were  conducted,  under  direction 
of  the  chairman  of  the  committee,  in  the  Me- 
chanical Laboratory  of  the  Stevens  Institute. 

The  experiments  upon  alloys  of  copper  and 
tin  are  alone  reported  in  this  work.  A  similar 
report  will  include  the  investigation  upon  the 
copper-zinc  alloys,  and  still  another  will  be  de- 
voted to  the  triple  combination. 

Prof.  Thurston,  the  chairman,  expresses  the 
hope  that  this  preliminary  study  will  prove  to 
have  been  so  satisfactorily  done  that  a  repeti- 
tion of  the  work  may  never  be  required,  and 
that,  in  the  future,  research  may  be  confined  to 
matters  of  detail  in  those  parts  of  this  field 
which  are  here  shown  to  be  of  most  promise. 

As  this  work  shows  the  results  of  the  only 
ematic  and  thorough  researches  upon  these 
alloys,  it  will  everywhere  be  regarded  as  of 
great  value. 

The  Silk  Goods  of  America.     By  Wm,  C. 
"Wyckoff.    New  York :  D.  Van  Nostrand. 
Price  $1.50. 

The  growth  of  the  silk  industry  in  this  coun- 
try, during  the  past  few  years,  has  developed 
to  proportions  of  which  the  general  public 
know  comparatively  nothing.  Every  one 
knows  that  both  foreign  and  domestic  silks  are 
cheaper  now  than  formerly,  but  few  people 
know  that  American  goods  are  better  as  well  as 
cheaper.  Correct  information  is  withheld,  in 
many  cases,  by  the  practice,  steadily  pursued 
in  the  retail  trade,  of  representing  the  entire 
product  of  some  of  our  silk  mills  as  of  Euro 
pean  make. 

The  author  of  this  work  thinks  it  is  time  that 
the  merits  of  American  silks  should  be  made 
fully  known  to  the  American  public. 

The  first  portion  of  the  book  is  devoted  to  an 
account  of  the  processes  of  manufacture,  di- 
vided as  follows: 

Chap.  I.— Introductory;  II.— Raw  Silk;  III. 
—  Sewings  and  Twist;  IV. — Weaving:  Prepara- 
tory Processes;  V. — Black  Dress  Goods;  VI. — 
Piece  Goods;  VII. — Spun  Silk;  VIII —Hand- 
kerchiefs, &c  ;  IX.— Ribbons;  X.— Trimmings, 
<fcc. ;  XL— Silk  Laces;  XII. — Dyeing. 

The  remainder  of  the  work  is  statistical,  but 
the  whole  is  of  interest  to  all  wrho  take  pride  in 
the  progress  of  American  manufactures. 

cable-making   for  suspension   bridges, 
with  Special  Reference  to  the  Ca 
bles  of  the  East  River  Bridge.     By  W. 
Hildenbrand,    C.   E.     New  York:   D.   Van 
Nostrand.     Science  Series.     Price  50  cts. 

Some  of  the  most  useful  books  for  young  en- 
gineers are  those  describing  in  detail  the  con- 
struction of  special  works,  giving  the  reasons 
for  the  selection  of  the  various  parts,  and  the 
calculations  determining  the  section,  strength, 
material  and  position  of  those  parts.  Such  a 
work  is  the  one  before  us.     The  author  de- 


scribes the  work  as  on  the  manufacture  of  wire 
cables  after  the  method  invented  by  John  A. 
Roebling,  and  followed  by  him  and  his  sons  in 
making  the  largest  suspension  bridges  in  Amer- 
ica, and,  particularly,  he  describes  all  the 
points,  including  the  theoretical  investigations 
for  determining  the  sizes  of  the  cables  For  the 
suspension  bridge  connecting  Brooklyn  with 
New  York.  This  bridge  has  a  floor  86ft.  wide, 
is  supported  by  four  cables  suspended  in  three 
spans,  the  middle  span  being  1596.5ft.  between 
the  centers  of  the  towers,  the  side  spans  1)54. 5ft. 
from  towers  to  points  of  cable  attachment. 
Bach  cable  consists  of  nineteen  strands  of  332 
parallel  steel  wire,  thus  containing  a  total  of 
G,308  wires,  with  a  total  ultimate  strength  of 
10,730  tous.  All  kinds  of  traffic,  including 
railway  cars  drawn  by  endless  ropes,  pass  over 
the  bridge.  The  cables  rest  upon  the  towers  at 
a  point  267ft.  6.  Sin.  above  high-water  mark. 
The  lowest  point  of  the  bridge  in  the  center  of 
the  river  "shall,  in  no  case,"  says  the  law,  "be 
less  than  135ft.  above  mean  high  water."  All 
the  auxiliary  apparatus  for  getting  the  cables 
into  place ;  the  traveling  ropes  and  foot-bridge 
stays,  saddles,  anchorages,  effects  and  methods 
of  meeting  changes  of  tempeiature,  are  care- 
fully, though  briefly,  described  in  this  little 
book.  It  will,  at  once,  be  seen  that  a  descrip- 
tion of  this  work  as  we  have  above  sketched 
out  is  valuable,  and  readers  will  find  that  Mr. 
Hildenbrand  has  dealt  with  the  subject  in  a 
clear  and  simple  manner,  never  forgetting  to 
state,  when  possible,  the  why  and  the  where- 
fore of  this  detail,  or  that  alteration  of  plan, 
keeping  his  calculations  well  within  the  grasp 
of  those  who  have  a  fair  knowledge  of  algebra 
and  analytical  conies.  The  little  book  is  one  of 
a  series  which  includes  several  of  a  useful  ele- 
mentary character. — Engineer. 


MISCELLANEOUS. 

rpriAT  steamships  are  superseding  sailing 
JL  ships  very  rapidly,  both  for  home 
and  foreign  trade,  becomes  more  apparent 
with  every  fresh  publication  of  Board  of 
Trade  statistics.  In  the  foreign  trade  alone 
steam  tonnage  shows  an  increase  of  10  per  cent, 
for  1879  as  compared  with  last  year,  whilst  a 
corresponding  decrease  is  noticeable  in  sailing 
ships  employed  in  the  same  trade. 

For  the  New  Jersey  ship  canal  to  unite  the 
Passaic  and  Hackensack  rivers  with  the 
Hudson,  and  effect  a  saving  of  about  twelve 
miles  by  water  between  Newark  and  New 
York,  three  routes  are  reported  to  be  under  the 
consideration  of  General  Newton,  to  whom  the 
Government  has  entrusted  the  duty  of  making 
the  surveys.  One  would  pass  directly  from 
Newark  Bay  through  Bergen  Hill  by  a  cutting 
of  4,732  ft. ;  a  second  would  take  a  diagonal 
course  through  the  hill,  and  save  about  250  ft. 
of  cutting  over  the  first ;  and  the  third  would 
follow  a  straight  line  from  Newark  Bay,  near 
the  beacon  light,  to  a  point  midway  between 
the  two  bays,  where  they  intersect  the  Morris 
Canal,  and  thence  follow  the  line  of  the  canal 
to  New  York  Bay. 
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The  digging  of  a  canal  from  Cronstadt  to  St. 
Petersburg  is  making  such  progress  that 
Admiral  Possiett,  who  directs  the  work,  as- 
sures the  Government  that  in  a  year's  time  ves- 
sels of  small  size  will  be  able  to  pass  from  the 
sea  to  the  Neva,  and  that,  in  the  summer  of 
1881,  the  canal,  the  depth  of  which  is  fixed  at 
20  feet,  will  have  been  excavated  to  the  extent 
of  16  ft.,  enabling  a  goodly-sized  craft  to  reach 
the  capital. 

The  Government  of  Victoria  have  obtained 
from  the  Local  Legislature  an  Act  au- 
thorizing them  to  hold  an  International  Exhi- 
bition, upon  a  somewhat  extensive  scale,  at 
Melbourne.  The  building,  which  is  to  cost 
about  £95,000,  is  in  course  of  erection,  and  the 
exhibition  will  be  opened  on  October  1st,  1880, 
and  closed  on  March  31,  1881.  Information  on 
the  subject  may  be  obtained  from  Mr.  George 
Collins  Levey,  C.  M.  G.,  Secretary  to  the  Com- 
missioners, 8  Victoria  Chambers,  Westminster. 

Herb  Th.  Fleitmann  has  published  a 
paper  upon  the  malleability  of  nickel 
and  cobalt.  He  proceeded  upon  the  hypothesis 
that  this  wa'nt  of  malleability  might  be  as- 
cribed to  their  absorption  of  carbonic  oxide 
during  the  process  of  their  preparation;  and, 
knowing  the  readiness  with  which  metallic 
magnesium,  under  certain  conditions,  will  de- 
stroy the  oxides  of  carbon,  he  fused  the  metals 
nickel  and  cobalt  with  a  small  quantity  of  mag- 
nesium. The  success  of  the  experiment  was 
quite  surprising,  and  fully  demonstrated  the 
correctness  of  the  hypothesis,  since,  by  the  ad- 
dition of  -J-  per  cent,  of  magnesium,  Fleitmann 
succeeded  in  obtaining  both  nickel  and  cobalt 
in  a  malleable  condition.  The  addition  of  this 
small  percentage  of  magnesium  appeared  to 
change  the  structure  of  these  metals  entirely 
and  to  render  them  readily  weldable  when  hot. 
Nickel  is  even  malleable  in  the  cold,  while  co- 
balt in  the  cold  becomes  extremely  hard ;  and 
the  suggestion  is  made  that  the  latter  metal  may 
be  applicable  for  cutting  instruments. 

Mr.  E.  Chernoff  has  succeeded  in  the 
curious  experiment  of  magnetizing  cast 
iron  by  surrounding  the  mould  in  which  the 
bar  was  cast  by  an  electro-magnetic  reel,  along 
which  a  current  was  allowed  to  flow  during  the 
casting  process,  so  that  the  liquid  metal  became 
magnetic  and  cooled  under  the  influence  of  the 
magnetic  current.  The  result  was  a  magnet- 
ized bar  of  white  cast  iron,  but,  having  a  sym- 
metrical cavity  extending  about  two  thirds  of 
its  length,  the  metal  being  extremely  thin  just 
opposite  the  center  of  the  reel.  While  pouring 
in  the  metal,  and  until  it  had  set,  the  experi- 
menter had  noticed  a  singular  agitation  of  the 
metal,  and  the  hollowness  of  the  bar  after  set- 
ting is  explained  on  the  theory  of  the  repulsion 
of  the  molten  metal  toward  the  poles,  the  agita- 
tion above  noticed  being  a  visible  evidence  of 
this  action.  It  is  suggested  that  powerful  and 
permanent  magnets  of  cast  iron  may  be  obtained 
in  this  way  by  casting  under  pressure,  and  that, 
by  some  modification  of  the  experiment,  the 
plan  of  magnetizing  the  fluid  metal  might  be 


usefully  employed  in  casting  hollow  cylinders 
without  cores. 

The  preparations  for  raising  the  huge  iron- 
clad Grosser  Kurfiirst  are  now  rapidly 
progressing.  The  shield  for  covering  the  colli- 
sion hole  in  her  side  is  ready  for  use.  It  is  10 
ft.  long  by  7  ft.  broad,  oval-shaped  and  convex. 
It  consists  of  steel  plates  -£  inch  thick,  strongly 
riveted  and  strapped  together.  Two  rows  of 
angle-iron,  riveted  all  round  the  edge  of  the 
shield,  form  a  channel  for  water  packing  of  6 
in.  diameter  India-rubber  hose,  which,  when 
filled,  will  be  squeezed  with  the  shield  to  the 
ship's  side  by  several  very  powerful  steel 
screws,  bolts  and  nuts,  with  very  heavy  cross- 
bars inside  of  hole.  A  large  scaffold  for  the 
divers  to  work  on,  made  of  wooden  sparring 
and  iron  frames,  has  been  constructed.  While 
the  extremely  difficult  and  arduous  undertaking 
of  attaching  the  shield  to  the  vessel  is  going  on, 
various  other  preparations  are  being  vigorously 
advanced.  The  engine  for  filling  the  vessel 
with  air  is  a  complicated  but  very  powerful 
machine.  It  will  be  controlled  by  a  Westing- 
house  governor,  in  case  of  sudden  mishap  dur- 
ing operations  to  any  of  its  parts.  Leading  en- 
gineers in  London  have  invented  a  pair  of 
shears  for  cutting  wire  rigging  under  water 
with  the  greatest  dispatch.  When  the  vessel 
comes  to  the  surface,  by  the  aid  of  powerful 
pontoons,  a  dozen  divers  will  be  engaged  in  cut- 
ting her  free  from  the  confused  entanglement 
of  wire  rope  attached  to  her  broken  masts  and 
spars,  at  present  buried  in  the  ground  under 
her. 

Coney  Island  Pier. — The  Ocean  Naviga- 
tion and  Pier  Company,  of  which  Mr. 
Jacob  Lorillard  is  president,  have  erected  off 
West  Brighton,  Coney  Island,  a  large  iron  pier. 
The  contractors  were  the  Delaware  Bridge 
Company,  and  the  wrork  of  construction  was 
under  the  supervision  of  Messrs.  Maclay  and 
Davies,  civil  engineers.  The  pier  completed  is 
1,000  ft.  in  length,  extending  outward  from 
high-water  mark.  Its  width  is  50  ft.,  with  en- 
largements of  100  ft.  in  width  at  the  shore  end, 
the  center  and  the  pierhead.  It  is  double- 
decked,  with  iron  substructure,  the  whole  sup- 
ported by  wrought  iron  tubular  piles,  9  in.  in 
diameter,  made  of  ^  in  metal.  These  piles  are 
arranged  in  rows,  at  distances  of  20  ft.  longi- 
tudinally and  16  ft.  8  in.  laterally.  Each  pile 
has,  at  its  base,  a  circular  cast  iron  disc  2£  ft.  in 
diameter,  which,  when  sunk  into  the  sand,  acts 
as  a  supporting  base,  and  at  the  depth  of  -15  ft. 
or  20,  ft.  insures  a  perfect  foundation.  The 
piles  were  driven  by  the  "jet  water"  system. 
Iron  capitals  were  bolted  to  the  tops  of  the 
piles,  and  they  support  15-in.  wrought  iron 
beams,  bolted  together,  upon  which  the  super- 
structure rests.  The  structure  is  made  more 
secure  by  being  braced  throughout  with  diag- 
onal rods  1^  in.  in  diameter,  and  heavy  horizon- 
tal struts  bolted  to  the  beams  transversely. 
The  entire  structure  is  supported  by  260  iron 
pillars.  The  flooring  of  the  lower  deck  is  well 
finished  and  enclosed  in  a  handsome  iron  rail- 
ing. The  landing  stage  is  at  the  lower  deck  of 
the  pier  head,  and  guarded  by  massive  oak  fen- 
der pieces. 


VAN    NOSTRAND'S 


ENGINEERING   MAGAZINE. 


NO.  CXXXL-NOVEMBER,  1879-VOL.  XXL 


THEORY  OF  SOLID  AND  BRACED  ELASTIC  ARCHES, 

APPLIED  TO  ARCH  BRIDGES  AND  ROOFS  IN  IRON,  WOOD,  CONCRETE  OR 
OTHER  MATERIAL.     GRAPHICAL  ANALYSIS. 

Bt  WM.  CAIN,  C.E.,  Charlotte,  N.  C. 

Contributed  to  Van  Nostrand's  Magazine. 

II. 


APPLICATION    TO    VOUSSOIR   ARCHES. 

35.  It  has   been   previously  observed 
(art.  1)  that,  in  certain  cases,  the  treat- 1 
ment  of  the  voussoir  arch  falls  under  that 
pertaining  to  the  solid  arch.      In  fact,  | 
conceive  a  solid  stone  arch  in  which  the  ' 
pressure  curve  keeps  within  such  limits 
that  only  the  resistance  to  compression  | 
of  the  stone  is  brought  into  play.     Now,  i 
if  this  solid  arch  is  divided  up  into  any ' 
number   of   voussoirs,  the   joints  being 
perfectly    cut,   the   conditions    are    un- 
changed;  since  the  change  of  direction,  ■ 
A  a  of  tangents,  at  ends  of  a  portion  of 
the  arch  whose  length  is  s,  is  the  same  in 
either  case,  this  change  being  due   en- 
tirely to  the  compression,  on   any  sup- 
posed joint,  not  being  uniform,  but  uni- 
formly increasing  in  going  towards  one 

edge.     The  values  cd=y.Aa,  de=x.Aa,  \ 
of  art.  12,  are  thus  the  same  in  either ! 
case,  as  well  as  the  expressions  for  the 
total    horizontal    and  vertical   displace- 
ments following. 

It  should  be  noted,  however,  that  in  I 
the  value  for  A  a,  given  by  eq.  2,  art.  9, 
that  the  uniform  thrusts  T,  on  the  cross 
sections,  which  shorten  the  entire  arch, 
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are  neglected.  Its  effect  on  the  bending 
is  very  slight,  and  is  included,  further  on, 
under  temperature  strains,  and  we  may 
assume,  that  for  the  voussoir  arch,  eq.  2, 
represents  the  true  value  of  A  a,  and  that 
I  has  the  same  value  as  for  the  solid 
arch.  It  must  not  be  supposed  by  the 
last  hypothesis  that  the  voussoir  arch 
can  supply  tensile  resistances;  we  only 
use  eq.  2,  with  the  value  of  I  as  for  a 
solid  arch,  as  a  very  near  approximation 
to  the  exact  value  of  A  a  in  the  case 
when  no  tensile  forces  are  needed. 

The  exact  expression  for  A  a,  including  the 
effect  of  the  T's  in  shortening  the  axis  is  given 
in  eq.  (9),  page  274  of  Du  Bois'  Graphical  Sta- 
tics. It  is  seen  from  the  following  eqs.  (12)  and 
(13),  giving  values  corresponding  to  our  I A  a, 
how  slight  is  the  influence  of  this  shortening  of 
the  axis. 

This  value  of  A  a  having  been  assumed, 
the  resulting  equations  and  conditions  for 
the  arch  fixed  at  the  ends  are  the  same  as 
for  the  solid  arch ;  so  that  the  treatment 
pertaining  to  the  case  just  examined  ap- 
plies. 

36.  Let  us  consider  the  segmental  arch 
of  75  feet  span,  and  17  feet  rise,  given  in 
art.  48  of  Theory  of  Voussoir  Arches,  <Sbc. 
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In  Fig.  8,  is  shown  a  slightly  exagger- 
ated drawing  of  the  arch  with  its  load  of 
3,000  lbs.  per  foot,  and  the  position  of 
the  pressure  curve  (as  taken  from  a  large 
drawing),  corresponding  to  the  maximum 
and  minimum  thrust  in  the  limits  of  the 
middle  third  very  nearly. 


The  above  curve  then  corresponds  to 
the  trial  curve  p  of  Fig.  6. 

If  the  greatest  accuracy  attainable  by 
the  graphical  method  is  desired,  the 
curves  p  and  c  (Fig.  6)  should  be  drawn 
exactly  as  detailed  in  Voussoir  Arches, 
whether  we  are  treating  solid  or  voussoir 
arches,  uniform  or  isolated  loading. 

This  remark  applies  also  to  many  pases 
yet  to  be  examined. 

Now  the  loading  being  continuous  in 
Fig.  8,  the  pressure  line  is  a  true  curve 
so  that  after  finding  the  centers  of  press- 
ure on  the  joints,  a  curve  can  be  traced 
through  them,  by  the  aid  of  some  paper 
curves  described  with  about  the  radius  of 
the  arch. 

"We  thus  have  a  curve,  which  is  almost 
exactly  the  equilibrium  polygon  p  due  to 
the  continuous  loading. 

With  this  curve  p,  we  proceed  as 
before  to  find  the  true  curve  c.  The 
arch  ring  was  divided  into  16  equal 
parts,  and  ordinates  drawn  through  the 
center  of  each  portion  as  in  Fig.  6. 

It  is  found  that  the  true  curve  c, 
differs  so  little  from  the  curve  first 
drawn,  that  it  may  be  taken  for  it,  in 
investigating  the  stability  against  rota- 
tion of  this  arch.  Thus  the  statement 
made  in  the  former  treatise,  that  "it 
seems  highly  probable,  that  the  actual 
line  of  pressures  is  confined  within  such 
limiting  curves,  approximately  equi-dis- 
tant  from  the  center  line  of  the  arch 
ring,  that  only  one  curve  of  pressures 
can  be  drawn  therein,  corresponding, 
therefore,  to  the  maximum  and  minimum 
of  the  thrust  in  the  limits  taken,"  is  veri- 
fied in  this  instance. 

The  similarity  in  the  curves  so  found, 
might  have  been  anticipated  from  a  con- 


sideration of  the  conditions  ZM=o,  &c, 
especially  the  first. 

The  above  principle  will  be  found  of 
utility  in  constructing  trial  curves  of 
pressure.  If,  in  any  trial  curve,  the  two 
conditions,  2M=o,  ZM.x=o,  happen  to 
be  realized,  we  see  from  the  previous 
construction  (Fig.  6),  that  the  third  con- 
dition 2~NLy=zo  only  involves  a  change  in 
the  horizontal  thrust,  together  with  a 
change  in  the  length  of  ordinates,  from 
the  line  kjc2  to  the  curve  c  which  is 
readily  effected. 

37.  The  theory  pertaining  to  solid 
arches  is  only  applicable  to  voussoir 
arches,  when  the  actual  curve  of  press- 
ures lies  in  the  inner  third  of  the  arch 
ring — the  face  of  the  voussoir  being 
rectangular — toith  no  mortar  joints,  the 
stones,  moreover,  fitting  perfectly  before 
the  centers  are  struck.  It  is  approx- 
imately true  for  thin  mortar  joints 
(yig-  inch,  say)  that  are  allowed  to  harden 
before  the  centers  are  struck,  the  mortar 
being  of  the  best  quality. 

The  above  seems  to  be  the  most  exact 
solution  of  the  stone  arch  for  the  cases 
assumed  that  has  yet  been  proposed; 
though  it  seems  scarcely  necessary  to 
enter  into  it  in  testing  the  stability 
against  rotation  of  such  an  arch,  since 
this  cannot  happen  theoretically,  unless 
the  arch  ring  is  so  small  that  one  curve 
of  pressure  can  be  drawn  in  it;  so  that 
if  only  one  curve  of  pressures,  even,  can 
be  inscribed,  in  the  middle  third  say,  al- 
though it  may  not  be  exactly  the  true 
one,  yet  it  would  indicate  that  the  arch 
was  stable,  since  it  cannot  fall  until  all 
of  its  cases  of  stability  are  exhausted. 
If,  however,  we  desire  to  know  whether 
the  limit  of  elasticity  has  been  passed  in 
any  voussoir,  then  the  construction  for 
solid  arches,  if  applicable,  had  best  be 
made ;  and  the  maximum  strain  sustained 
by  any  "  fiber  "  be  determined  by  the  use 
of  ,eq.  (4),  art.  11. 

38.  It  is  evident  that  concrete  arches, 
fall  under  the  same  treatment  as  solid 
arches  of  iron  or  other  material.  For 
such  arches  the  question  of  strength  is 
the  only  one  necessary  to  consider,  un- 
less the  stability  of  a  pier  or  abutment 
is  in  question. 

The  spandrels  of  concrete  arches,  al- 
though generally  built  open,  are  never- 
theless constructed  as  a  part  of  the  arch 
proper,  the  whole  constituting  one  mon- 
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olithic  structure.  The  effect  is  to  modify 
the  previous  construction  somewhat, 
though    possibly   on   the  Bide   of    safety. 

The  same  remark  applies  to  any  spandrel 

bracing  in  iron,  etc..  arches. 

LOADING VARIATIONS    IX    EI,    ETC. 

39.  Let  us  again  refer  to  Fig.  (5,  and 
consider  the  character  of  the  loading,  as 
well  as  the  design  of  the  arch,  with  ref- 
erence to  the  most  accurate  construction 
of  the  curve  of  pressures. 

If  the  loads  bear  at  the  isolated  points 
a,,  a%i  .  .  .  ,  the  moments  at  one  of  those 
points  equals,  Hxae,  ac  being  the  vertical 
distance  between  the  two  curves  a  and  c 
at  tins  point. 

But  the  object  is,  to  ascertain  approxi- 
mately at  each  point,  a,,  a2,  .  . ,  the  aver- 
age moment,  M  on  the  part  of  the  arch 
s,  of  which  that  point  is  the  middle. 

The  above  construction  is  thus  only 
approximately  true,  since  the  ordinates 
at  the  points  a,,  «2,  .  .  are  generally 
greater  than  correspond  to  the  average 
M  mentioned. 

Now  it  is  by  no  means  necessary  to 
suppose  the  loads  as  acting  at  the  points 
ax,  a2,  .  . ;  in  fact,  it  is  generally  most 
convenient,  to  suppose  the  loads  as  act- 
ing at  the  same  horizontal  distance  apart, 
as  actually  happens  in  most  iron  arches 
with  open  spandrels. 

Even  with  continuous  loading,  the 
ordinates  ac  do  not  give  a  good  average 
for  the  part  s,  when  the  loads  are  sup- 
posed to  bear  at  a1?a2,  .  . ,  or  at  uniform 
distances  apart  measured  along  the  arc, 
the  true  pressure  curve  passing  slightly 
below  the  apices  c^c^  .  .  The  above  re- 
marks of  course  apply  equally  and  pri- 
marily to  polygon  p. 

Therefore,  it  is  generally  best,  to  draw 
polygon  p  (or  curve  p,  if  the  loading  is 
continuous)  by  supposing  the  loading  ap- 
plied at  other  points  than  ax,a2, .  .  ;  when 
the  parts  of  the  ordinates,  drawn  through 
a,,a„  .  .  .  ,  intercepted  between  vv'  and 
curve  p,  will  give  the  lines  proportional 
to  Mc  more  correctly  than  before.  The 
residual  small  error  can  only  be  diminish- 
ed by  increasing  the  number  of  divisions 
of  the  arc,  which  remark  applies  in  all 
cases. 

40.  If  in  place  of  dividing  the  arc  into 
equal  parts,  we  divide  the  span  into 
equal  parts,  s  in  eqs.  (7),  (8),  (9),  &c,  is 
no  longer  constant;  so  that  if  E'and  I 


are  constant,  the  conditions  for  an  arch 
fixed  at  fche  ends  would  become, 

l'Ms=o,  ZMxs=o,  2'My.s—o. 

Similarly  for  the  supposed  girder  and 
arch  acting  as  an  equilibrium  polygon. 

If  we  divide  the  above  equations  by  the 
horizontal  distance  between  the  loads,  we 
see  that  each  M  must  be  increased  in  the 
ratio  of  the  secant  of  the  inclination  at 
the  point,  in  these,  and  the  auxiliary  equa- 
tions, similar  in  form  to  the  above.  Thus 
in  fig.  G,  the  ordinates  of  polygon^),  as 
well  as  of  curve  a,  must  be  increased  in 
this  ratio,  after  which  the  preceding 
methods  apply  in  finding  the  position  of 
mm'  and  Je  k^  as  well  as  the  horizontal 
thrust. 

This  method  introduces  one  advantage, 
with  the  several  disadvantages:  the  con- 
sideration of  moment  areas  in  place  of 
the  single  ordinates,  since  these  ordinates 
are  now  proportional  to  the  areas  included 
between  them  and  the  equilibrium  poly- 
gon. 

41.  If  the  quantities  E  and  I  of  eqs. 
(7),  (8)  and  (9)  are  variable  also,  we  may 
divide  the  span  into  equal  parts,  and 
after  drawing  polygon  p,  alter  the  ordi- 
nates from  the  closing  lines  of  p  and  a 
in  the  ratios,  s-r-EI,  or  in  ratios  propor- 
tional to  these  variable  ones. 

42.  Now  it  frequently  happens  that 
the  arch  is  increased  in  size  towards  the 
abutments,  on  account  of  the  increased 
strain  as  we  near  the  springings.  If  the 
ratio  s-^EI  is  constant  for  each  length  of 
the  arch,  having  the  same  horizontal  pro- 
jection, then  it  is  not  necessary  to  alter 
the  lengths  of  the  ordinates  of  curves  p 
and  a,  and  the  previous  construction 
holds,  when  the  span  and  not  the  arch  is 
divided  into  equal  lengths.  This  hypo- 
thesis (s-i-  EI  constant)  was  adopted  by 
Prof.  Greene  in  his  analytic  treatment  of 
the  parabolic  arch  in  Engineering  News 
for  1877,  and  is  the  basis  of  all  graphical 
constructions  founded  on  a  division  of 
the  span  into  equal  parts  when  the  ordi- 
nates p  and  a  are  not  elongated,  as  note 
Prof.  Eddy's  treatment  in  "New  Con- 
structions in  Graphical  Statics."  For 
very  flat  arches,  even  when  E  and  I  are 
constant,  this  method  is  sufficiently  cor- 
rect.    It  will  be  illustrated  further  on. 

43.  When  E  and  I  are  variable,  in 
place  of  the  construction  of  art.  37,  we 
may  divide  the  arc  into  parts  of  such 
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lengths,  that^s-=-EI  is  the  same  for  each 
length.         fjggp 

The  division  of  the  neutral  line  of  the 
arch  may  be  made  by  trial.  Thus  lay  off 
a  length  s  from  the  crown ;  change  this 
(generally  an  increase)  for  the  next 
leno'th  in  the  ratio  of  EI  for  the  two 
portions;  similarly  for  other  portions. 
If  the  last  division  does  not  exactly 
reach  the  springing,  divide  the  interval 
by  the  previous  number  of  divisions. 
On  increasing  the  length  of  the  first 
division  at  the  crown  by  this  amount, 
and  repeating  the  first  operation,  since 
each  length  is  increased  now  in  the  same 
ratio  (EI  being  the  same  for  the  same 
division  nearly),  the  total  increase  is 
equal  to  the  interval  above,  so  that  the 
last  division  should  now  just  reach  the 
springing.  In  arches,  the  sizes  of  the 
pieces  do  not  vary  so  much,  that  the 
variation  of  E  need  be  regarded,  how- 
ever different  this  may  be  in  continuous 
bridges  (see  Bender's  "Continuous 
Bridges").  It  was  included  above,  so 
as  to  present  the  subject  in  its  most 
o-eneral  form.  We  thus  see  how  remark- 
ably general  this  graphical  method  is ; 
enabling  us,  with  the  same  ease,  to  treat 
any  form  of  arch,  with  varying  section 
or  otherwise,  loaded  in  any  conceivable 
manner. 

44.  The  positions  of  the  live  load, 
causing  maximum  strains  in  the  flanges 
and  web  of  an  arch,  can  be  found  by 
treating  separately  each  weight  and  then 
combining,  for  any  piece,  the  maximum 
strains  that  can  be  sustained  by  it  for 
any  disposition  of  the  load.  For  a 
single  weight  the  pressure  curve  or 
polygon  becomes  two  straight  lines  as 
in  Fig.  5,  so  that  polygon  p  in  Fig.  6  is 
quickly  drawn,  when  the  construction 
proceeds  as  before. 

It  will  be  observed  that  for  the  same 
arch  the  positions  of  T  and  T'  are  the 
same  for  each  weight,  so  that  it  is 
unnecessary  to  draw  the  polygon  1'2'..8' 
but  once.  Similarly  in  Fig.  7,  the  con- 
struction for  the  curve  a,  holds  for  all 
the  weights,  as  also  the  position  of  the 
closing  line  kx  &2  (Fig.  6);  so  that  the 
constructions  are  thereby  simplified. 

FLAT   ARCHES. 

45.  "When  the  arch  has  a  small  rise 
compared  with  the  span,  it  is  evident 
that   on   dividing   the   span  into   equal 


parts,  drawing  ordinates,  &c,  that  these 
ordinates  will  almost  coincide  with  those 
found  by  dividing  the  arc  into  equal 
parts  as  previously  done.  "When  this  is 
the  case,  the  following  neat  construction 
applies : 


Let  ax  a  «2  (Fig.  9)  be  the  neutral  line 
of  a  circular  arch  rib  of  68/404  span, 
6/03  rise  and  100/  radius,  the  half  cen- 
tral angle  being  therefore  20°.  Divide 
the  span  into  16  equal  parts,  and  at  the 
middle  of  every  division  erect  ordinates 
as  shown  by  the  dotted  lines. 

The  arch  is  so  flat  that  it  is  best  to 
increase  the  length  of  the  ordinates,  say 
four  times,  so  that  the  neutral  line  takes 
the  position  1,  2, .  . .  .  This  simply  in- 
volves a  corresponding  decrease  of  \  in 
the  pole  distance  in  curves  a  and  c 
according  to  art.  4,  as  we  shall  see  more 
clearly  as  we  proceed. 

Let  a  single  weight  act  at  o,  repre- 
sented in  intensity  by  the  vertical  PP'. 
Assume  some  point  as  o  for  a  pole ;  then 
from  some  point  v  in  the  vertical  through 
al  draw  vp  ||  oV  to  intersection  p  with 
the  vertical  through  c,  then  pvr  |)  oP  to 
intersection  v'  with  the  vertical  through 
a2;  also  draw  the  straight  line  vv'.  We 
have  first  to  find  the  true  closing  line 
mm'  from  the  two  conditions  ZMC  =  o, 
IMC  x  =  o.  Now  since  the  span  has  been 
divided  into  equal  parts,  the  ordinates 
from  mm'  to  polygon  vp>v',  that  are  pro- 
portional to  Mc,  are  also  proportional  to 
the  areas  of  the  trapezoids  of  which  they 
may  be  considered  the  medial  lines,  the 
horizontal  altitudes  being  supposed  the 
same. ,  Now  if  we  suppose  the  number 
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of  ordinates  indefinitely  increased,  -  .M 
above  and  below  mm'  approach  the  actual 

areas   of    the   triangular  spaces   included 

between  mm' and  upv'as  near  as  we  please. 

Hence  the  most  accurate  result  attainable 
by  the  graphical  method,  in  this  case,  is 
when  we  employ  moment   areas  in   place 

of    the  corresponding  ordinates.      The 

same  remark  applies  to  curve"  regarded 
as  an  equilibrium  polygon. 

4G.  lleasoning  as  before,  the  condition 
£M»=0,  indicates  that  the  sum  of  the 

areas  vmn  and  c'm'n'  must  equal  the 
area  npn'.  Adding  to  both  sides  of  this 
equality,  area  vnn't)\  we  deduce,  area 
vmm'v  =  area  vpvr.  Conceive  a  line 
drawn  from  m  to  v'  dividing  vmm'v'  into 
two  triangular  areas.  Their  centers  of 
gravity  are  on  the  verticals  T  and  T', 
drawn  ^  span  from  ax  and  <r0  respectively. 
Draw  a  straight  line  from  p  to  the  mid- 
dle >',  of  vv' ';  the  center  of  gravity  of  the 
triangle  vpv'  is  at  J/Wi  from  u ;  the  ver- 
tical II  passing  through  it.  The  condition 
2'M0=c>  is  satisfied  when  the  sum  of  the 
two  triangles  composing  vmm'v'  is  equal 
to  the  triangle  vpv',  and  I^Slcx=o  when 
the  common  center  of  gravity  of  the  two 
triangles  coincides  with  Ii,  the  reasoning 
being  similar  to  that  of  art.  28. 

These  triangles  having  the  same  alti- 
tude, the  span,  are  proportional  to  their 
bases  vm,  pq  and  v'm'.  Therefore  let 
pq  represent  the  large  triangle;  from 
some  point  u  as  a  pole  draw  uq  and  up ; 
then,  say  from  the  intersection  of  qu 
with  R  at  r  draw  rt  and  rt',  parallel  to 
up  and  uq  respectively,  to  intersections  t 
and  t'  with  T  and  T\ 

A  line  us\\tt',  divides  pq  into  two  parts, 
ps  and  sq,  that  are  equal  to  the  true 
values  mv  _and  m'v'.  This  is  evident, 
because  if  ps  and  sq  are  forces  acting 
along  T  and  T',  then  by  the  construction 
of  the  equilibrium  polygon  trt',  we  see 
that  ~R=pq,  acting  through  r  is  their 
resultant..  Thus  the  first  two  conditions 
are  satisfied.  We  may  now  draw  a  line 
through  o  parallel  to  mm',  to  intersec- 
tion with  PP',  which  thus  divides  it  into 
the  two  vertical  components  of  the  reac- 
tions. 

47.  We  proceed  now  for  the  exagger- 
ated curve  of  the  arch  1,  2, .  . .  exactly  as 
before,  and  thus  locate  the  position  of 
the  closing  line  kxk2. 

In  finding  21Iay  and  ^Mcy,  as  in  art. 
32,  it  may  prove  a  convenience,  to  lay 


off  the  ordinates,  proportional  to  Ma,  or 
to  WtfJ  along  the  line  oP  already  drawn: 

through  1 


drawing  horizontals 


then    on 

and  1(>,  2  and  15,  etc.,  and  choosing  a 
pole  as  a,  we  proceed  as  in  art.  82  to  tind 
2r.M.,//.  This  product  having  been  found 
and  laid  off,  the  construction  pertaining 
to  it  alone  may  he  erased.  On  the  line 
oV,  or  a  parallel  line,  and  the  same  pole 
<1ixt((it<-t\  tind  the  product  SM^y  as  he- 
fore.  The  moments  Mc  are  proportional 
to  the  ordinates  intercepted  between 
mm'  and  vpv',  as  in  the  previous  ca 

It  is  of  course  well  to  ink  all  the  lines 
that  are  to  be  used  again,  for  another 
position  of  the  load,  which  can  appropri- 
ately be  done  in  red  or  blue  ink,  to  con- 
trast better  with  the  grey  pencil  lines. 

48.  From  the  construction  last  men- 
tioned, we  find  that  the  ordinates  of  the 
equilibrium  polygon  p  have  to  be  elon- 
gated in  the  ratio  of  kx  cx  to  vm ;  and  the 
pole  distance  is  decreased  in  the  inverse 
ratio.  Since  the  closing  line  kjc2  is  hori- 
zontal, we  draw  a  horizontal  through  the 
point  of  PP'  that  separates  the  vertical 
components  of  the  reactions  to  o',  the 
new  pole  distance. 

On  elongating  the  ordinates  mv,  m'v', 
the  proper  amounts,  and  laying  them  off 
from  k,  and  k2  to  ct  and  c2  respectively, 
we  find  the  pressure  curve  cl  c  c2,  by 
drawing  cxc  ||  o'P'  and  c  c2,  which  last 
should  be  parallel  to  o'P.  The  point  c 
may  also  be  found  by  elongating  the 
ordinate  at  p  to  mm'  and  laying  it  off 
above  kjc^  to  c.  On  drawing  lines  from 
P  and  P'  parallel  to  cxc  and  cc2,  we  find 
the  pole  o',  which  should  agree  with  the 
first  determination;  though  very  slight 
errors  of  this  kind  may  be  neglected. 

The  ordinates  may  be  changed  by 
proportional  dividers  if  at  hand,  or  in 
the  usual  geometrical  manner.  When 
the  lines  are  inconveniently  short  or 
long,  take  multiples  or  fractions  of  them. 
If  one  of  the  ratio  lines  is  changed  in 
the  same  proportion  as  those  laid  off 
along  it,  the  result  will  be  the  same,  in 
finding  the  true  distance  on  the  other 
ratio  line. 

49.  The  previous  construction  gives 
the  reactions  o'P'  and  c/P  acting  at 
their  points  of  application  cl  and  c2, 
wThich  is  all  the  data  required  to  ascer- 
tain the  strains  in  the  arch  due  to  the 
load  at  c,  as  we  shall  see  further  on. 
The  actual  reactions  for  the  real  arch 
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axaa^  correspond  to  a  horizontal  thrust 
four  times  as  great  as  the  above,  the 
distances  ax  cx,  a2  c2  being  diminished 
one-fourth,  and  are  given  below  for  va- 
rious positions  of  the  load,  as  found  from 
a  large  scale  drawing  of  4feet  to  the 
inch. 

Let  a  denote  the  half  central  angle,  on 
the  angle  between  the  radii  at  ax  and  a, 
or  «2  and  a.  Let  j3  denote  the  angle 
from  the  vertical  radius  through  a  to 
the  load  at  the  neutral  axis,  measured  at 
the  center  of  the  arc. 

In  the  above  figure  we  have  taken  the 
isolated  weight  PP'  equal  to  10  tons, 
a=20°,  and  radius  =  100  feet,  span  68.4 
and  rise  6.  feet  of  the  center  line  of  rib. 

We  find  by  careful  construction  on  the 
large  scale  drawing,  the  following  values, 
for  the  vertical  component  V  of  the  reac- 
tion farthest  from  the  load,  the  hori- 
zontal thrust  H  and  the  distances  axcx 
and  «2c2,  these  distances  being  plus  when 
laid  off  above  ax  or  ar 


p 

V 

H 

Tons. 

Tons. 

0°. 

..5.... 

..27.08.. 

4°. 

(5). 
..3.53.. 

(26.69) 
..24.60.. 

8°. 

(3.5) 
..2.16.. 

(24.56) 
..18.8  .. 

12°. 

(2.13) 
..1.1  .. 

(18.7) 
..11.8  .. 

16°. 

(1-0) 
..0.29. 

(10.8) 
..  3.4  .. 

(0.27) 

(3.36.. 

ax  cx 

a2c2 

-  Feet.  ' 

Feet. 

+0.87.. 

+0.87 

(0.8S) 

(0.82) 

+0.1  .. 

+1.39.. 

(0.2) 

(1.36) 

-1.25.. 

+1.8 

(1.32) 

(1.74) 

-3.40.. 

+2.15 

(3.96) 

(2.02) 

-11.0  .. 

+1.82 

(12.0) 

(2.25) 

The  numbers  in  parenthesis  give  the 
corresponding  values  obtained  from  Wink- 
ler's table  mentioned  below.  We  thus 
perceive  in  this  case  what  reliance  may 
be  placed  in  a  graphical  solution,  which 
was  quickly  made  and  not  revised. 

There  were  only  16  ordinates  drawn, 
as  in  fig.  9 ;  but  with  a  greater  number 
the  result  may  be  made  as  accurate  as  we 
wish,  although  the  labor  of  construction 
is  increased  very  much  by  using  a  large 
number  of  ordinates.  Still  there  seems 
no  other  way  of  reducing  error,  especially 
for  the  loads  near  the  abutments.  The 
use  of  moment  areas,  as  shown  in  fig.  9, 
involves  but  little  approximation  in  prin- 
ciple for  flat  arches  but  in  establishing 
the  closing  \mekjc2  and  the  equality  2May 
=  21SIC,  we  are  forced  to  use  the  ordinates 
in  place  of  moment  areas,  which  process 


involves  an  approximation  which  is  nearer 
the  truth  the  greater  the  number  of  ordi- 
nates. 

50.  Having  found  the  reactions  at  the 
abutments  for  a  number  of  loads,  the  re- 
sultants of  these  reactions  must  be  in 
equilibrium  with  all  the  loads ;  so  that  if 
we  find  their  position  at  the  abutments, 
on  combining  one  of  these  resultants  with 
the  loads,  the  final  resultant  should  be 
equal  and  directly  opposed  to  the 
resultant  found  at  the  other  abut- 
ment. Moreover,  on  '  the  principle 
that  the  moment  of  the  resultant  is 
equal  to  the  sum  of  the  moments  of  its 
components,  the  moment  at  any  point  of 
the  are  is  the  same  whether  we  find  the 
moments  due  to  each  single  load,  as  above, 
and  combine  them,  or  whether  toe  combine 
the  reactions  for  the  several  loads  into 
one,  at  each  abutment,  draw  the  result- 
ing pressure  curve  and  find  the  residting 
moment  at  the  point  of  the  arch  con- 
sidered. 

To  find  the  point  of  application  of  this 
resultant  reaction  at  one  abutment,  re- 
solve each  reaction  due  to  a  single  weight 
into  vertical  and  horizontal  components. 
The  former  pass  through  the  end  of  the 
arch,  and  produce  no  moments  about  it. 
Hence  taking  moments  about  this  point, 
we  find  the  point  of  application  of  the 
resultant  reaction  below  or  above  the 
springing,  equal  to  the  sum  of  the  mo- 
ments of  each  horizontal  thrust  divided 
by  the  sum  of  the  horizontal  thrust.  If 
now  we  draw  the  pressure  curve  from  the 
point  thus  found,  the  horizontal  thrust 
being  equal  to  the  sum  of  the  thrusts  due 
to  each  single  weight,  this  new  pressure 
will  satisfy  the  conditions  of  an  arch 
fixed  at  the  ends:  for  the  separate  press- 
ure lines  for  each  weight  satisfies  the 
conditions  J£m  =  o,  2mx=o,  2my=o, 
2m'  =  o  &c,  m,m',  &c,  being  the  mo- 
ments at  the  points  ax,a2,  .  .  ;  hence  the 
resultant  pressure  line  will  satisfy  the 
conditions  2~NL=o  &c,  where  M  at  any 
point  is  equal  to  the  sum  of  the  m's  at 
that  point  (as  just  shown),  as  we  find  by 
simple  addition  of  the  eqs.  for  the  sepa- 
rate weights.  It  is  on  this  principle  that 
we  are  enabled  to  consider  separately 
the  stresses  due  to  loads,  temperature 
etc.,  etc. 

51.  We  see  from  the  foregoing  table 
that  the  horizontal  thrust  diminishes 
as    the    load  is   nearer    the    abutment. 
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It  is  well  to  assume  such  poles,  that  the 

ordinate's  Mc  are  of  a  convenient  length; 
the  pole  being  taken  nearer  the  abut- 
ment as  the  load  approaches  it. 

52.  For  the  exact  analytical  treatment 
of  the  circular  arch,  the  reader  is  re- 
ferred to  DuBois'  Graphical  Statics,  pp. 
271  to  811.  The  exact  formulae  for  the 
distances  a  c.   and   a  c    are  given   on  p. 


207.  beinpr  due  to  Winkler. 


On  substituting 
and  V  taken 


the  values 
from  the  tables, 


of  Mo,  H 

the  term 


I-  =  —-  (where  I  is  the  Moment  of  Inertia 
A/-  v 

of  the  constant  cross  section,  A  its  area, 

and  r  the  radius  of  the  circle)  being  dis- 

rded,  we   have   the  following  table 

for  the  quantities  alc1  and  «2c2,  distances 
measured  above  the  springs  being  plus. 
In  the  table,  a  is  the  half  central  angle, 
and  ftA  the  angle  from  the  crown  to  the 
load  given  in  terms  of  a ;  h  is  the  rise, 
all  referring  to  the  neutral  line  of  the 
rib: 

Values  of  c1=a1c1 


ft    a=10c 


0     +  .1343 


+  .0008 

-  .2217 

-  .6667 
—2.0020 


<z=20° 


+  .1370 
+  .0034 

-  .2196 

-  .6655 
-2.0015 


a--=30° 


+   .1417 
+  .0072 

-  .2167 

-  .6646 
-2.0148 


a  =  40c 


+  .1488 
-f-  .0142 

-  .2106 

-  .6621 
-2.0142 


h 


Values  of  c2—azc2 


ft 

a  =  10° 

•  a  =  20° 

a  =  30° 

a=40° 

+    • 

+ 

+ 

+ 

0 

.1343 

.1370 

.1417 

.1488 

.2 

.2232 

.2262 

.2307 

.2381 

.4 

.2869 

.2896 

.2943 

.3019 

.6 

.3345 

.3371 

.3422 

.3493 

.8 

.3716 

.3748 

.3795 

.3826 

a 

\ 

Each  of  the  members  in  the  table  must 
be  multiplied  by  A,  the  rise  of  the  center 
line. 

The  "approximate  formulae "  given  (p.  261) 
for  a1c1  and«2£2,  do  not  agree  with  these  nearly 
exact  values  (k  being  veiy  small)  and  are  prob- 
ably erroneous,*  as  might  have  been  anticipated ; 


since  the  term  Involving  /.;  is  of  undue  Import- 
ance. With  very  extensive  tables  (which 
would  of  course  Involve  great  labor  in  prepara- 
tion) the  solution  of  the  solid  or  braced  arch  lie- 
comes  a  very  simple  matter.  By  interpolation, 
the  preceding  tables  may  be  made  to  do  good 
service.  In  the  chapters  just  quoted  is  also  the 
equation  of  the  locus  of  the  point  e  (Fig.  9). 
With  the  points  eXl  e  and  c,  thus  found,  the 
reactions  are  determined  completely,  so  that  the 
complete  solution  of  the  solid  or  braced  arch  is 
thus  effected  with  great  case  and  rapidity  by 
this  combination  of  graphical  and  analytical 
methods. 

53.  Having  found  the  reactions  and 
their  point  of  application  for  each  single 
weight  acting  on  the  arch,  we  find,  as  in 
art.  11,  or  art.  82,  further  on,  the  strains 
in  every  division  s,  both  of  flanges  and 
web  and  tabulate  them.  From  such  a 
table,  we  readily  find  the  position  of  the 
live  load  that  causes  maximum  strains  in 
any  part  of  the  arch,  and  can  thus  tabu- 
late them.  For  illustrations  of  this 
method  of  treatment  see  DuBois'  Graphi- 
cal Statics,  p.  374  and  on. 

For  the  voussoir  arch  this  determina- 
tion of  maximum  stresses  is  not  of  so 
much  importance  as  finding  those  posi- 
tions of  the  loads  that  cause  a  maximum 
departure  of  the  curve  of  pressures  from 
the  center  line  at  various  points.     Prof. 
Greene,  in  Engineering  JVeios  for  1877, 
p.  178,  has  given  a  table  of  actual  mo- 
ments at  19  points  of  a  solid  parabolic  arch, 
due  to  a  single  load,  placed  successively 
at  each  point  of  division.     As  he  states, 
"  the  greatest  possible  positive  M,  as  well 
as  the  greatest  possible  negative  M,  for 
any  combination  of  weights,  occurs  at 
each  abutment;  positive  maximnm  when 
the  span  is  loaded  from  the  other  abut- 
ment to  and  beyond  the  center  one  or 
two  points  "(ie.,  ¥V  to  ^  of  the  span) ; 
"  negative  when  the  other  portion  of  the 
span  is  covered."     This  position  of  the 
load  for  the  circular  arch  may  be  inferred 
from  the  preceding  tables  for  c}  and  c2. 
In  a  parabolic  voussoir  arch,  in  which 
no  joints  operi  &c,  we  must  therefore  as- 
sume the  uniform  live  load  as  extending 
from  one  abutment  about  six-tenths,  or 
slightly  less,  of  the  span,  as  an  approx- 
imation ;  though  it  is  possible  that  other 
positions   of   the  live   load   correspond- 
ing to  a  less  hoizontal  thrust,  may  cause 
the  pressure  curve  to  depart  even  farther 


*  I  have  verified  the  exact  formulae  given  in  the  first 
four  chapters  of  Supplement  to  Chap.  XIV  of  DuBois' 
Graphical  Statics  [save  that  B2  on  page  2S4  should  equal 


(4  a  cos2a)  in  place  of  (2  a  cosSa)],  but  not  the  tables  . 
so  that  I  cannot  vouch  for  the  last  two  tables  given 
though  I  believe  the  tables  on  which  they  are  founded  to 
be  correct. 
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from  the  center  line,  than  the  position 
just  mentioned.  This  can  only  be  deter- 
mined by  trial. 

The  same  remarks  apply  to  flat  circu- 
lar arches :  in  fact  it  may  be  well  to  test 
any  style  of  arch  by  first  supposing  the 
live  load  to  cover  about  half  the  spam 
from  the  abutment. 

TEMPERATURE  STRAINS. 

54.  It  is  usual  to  class  under  this 
head,  strains  due  to  a  change  of  temper- 
ature above  or  below  the  temperature  at 
which  the  arch  is  finished,  (supposing 
all  parts  then  to  fit  accurately);  as  well 
as  strains  due  to  the  components  T(art.9) 
tangential  to  the  rib  that  compresses  it, 
and  cause  it  to  be  suited  to  a  less  span 
than  it  is  fitted  to ;  together  with  strains 
due  to  an  actual  lengthening  of  the  span 
due  to  the  compression. 

Denote  the  temperature  at  which  there 
is  no  strain  in  the  arch  due  to  tempera- 
ture, as  the  mean  temperature;  and  the 
greatest  deviations  from  this,  above  or 
below,  by  + 1  or  —  t. 

Denote  the  expansion  of  the  metal  for 
a  unit  of  length  and  #one  degree  by  e. 
The  total  change  of  span  is  then  let, 
denoting  the  span  by  I. 

This  tendency  to  a  change  of  span 
being  resisted  by  the  abutments,  causes 
a  horizontal  thrust  or  tension  there. 
Since  for  the  arch  fixed  at  the  ends,  in 
direction,  &c,  there  will  also  be  strains 
in  the  flanges  at  the  abutments  due  to 
this  change,  there  must  also  be  a  couple 
at  the  abutments  to  produce  this  effect. 


V-^3 


M 


**~ -. * 


Fig.  10. 


Thus  in  Fig.  10,  representing  half  of 
the  arch,  suppose  a  horizontal  force  H  acts 
at  k;  conceive  two  horizontal  and  op- 
posed forces,  each  equal  to  H  to  act  at  a. 
This  does  not  disturb  equilibrium,  but 
effects  a  transfer  of  H  to  a  (where  it 
must  be  sustained)  and  adds  the  couple 
H.ak.  If  the  arch  is  symmetrical  about 
the  center,  the  same  condition  of  affairs 
must  exist  at  the  other  abutment,  so 
that  the  force  at  Jfc  must  act  along  the 
horizontal  hk%,  as  was  assumed. 

This  follows  again  from  the  condition 
used  to  fix  the  line  kkQ,  which  is,  that  the 
total  change  of  direction  of  tangents,  in 
going  from  one  abutment  to  the  other,  is 
zero;  i.e.,  if  E,  I  and  s  are  constant,  we 
must  have 

which  gives  the  same  position  to  the  line 
kks  as  found  in  art.  31. 

Therefore  having  divided  the  half  arc 
into  any  number  of  equal  parts  (8  in  the 
Fig.)  and  drawing  ordinates  afix,  a2b2,  .  . 
through  the  centers  of  each  part,  we 
have  the  moment  at  any  point,  as 
a1,=TL.a1kl,  etc;  the  moments  changing 
sign  on  opposite  sides  of  kk6. 

55.  The  object  now  is  to  find  H. 

The  effect  of  the  change  of  tempera- 
ture is  to  produce  a  virtual  alteration  of 
span  (this  being  small),  so  that  (eq.  8)  of 
art.  13  must  be  satisfied.    We  have  then, 

hlet^Z^ZMy; 

the  summation  ^My  being  taken  from 
the  center  to  one  end,  it  being  the  same 
for  the  other  half  of  the  arch. 

The  moments  M,  at  the  successive 
points  ax,  «2,  .  .  ,  we  have  just  seen,  are 

equal  to  products  of  the  type  (H.ak),  so 
that  the  preceding  eq.  becomes 

AEI 


B.Z(ak.y). 


2s 


If  the  known  quantities  h,  I,  s,  ak  and 
y  are  given  in  feet  (say)  in  true  or  real 
dimensions,  and  E  in  tons  (say),  then  on 
forming  the  above  sum,  and  solving  the 
eq.,  we  find  the  value  of  H  in  tons.  If 
E  is  given  in  pounds,  then  H  is  likewise. 

56.  The  sum  of  the  products  I>ak.y, 
may  be  found  by  calculation  or  graphic- 
ally as  previously  shown.  The  follow- 
ing familiar  graphical  construction  (see 
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Chauvenet's  Geometry  pp.  120,  137)  is  a 
good  one  when    the    segments  are  not 
dissimilar  in  length. 

1  .  For  the  part  l>olow  kh\.  describe 
circles  on  k/\.  £.,/>.,,  ...  as  diameters;  the 
intersections  of  the  horizontals  through 

.  . .  with  these,  give  the  lines  1,2,.., 
which  measured  to  the  scale  of  the  arch 
and  squared,  give  the  products  axkx.bxax, 

a%k%.b%afi  etc.  Therefore  hi  the  Fig.  just 
below  this  part  of  the  arch,  draw  2  per- 
pendicular to  1,  of  the  lengths  above; 
the  square  of  the  hypotenuse  of  the 
right  triangle  is  equal  to  la  +  2a.  Next 
draw  3  perpendicular  to  this  hypotenuse, 
we  have  then  r  =  V  +  23  +  3*. 

2  .  Next  consider  the  part  of  the  arch 

above  kk9.  On  btat,  b9a#  .  .  .,  as  diame- 
ters describe  circles ;  from  their  intersec- 
tions with  kkf,  draw  lines  to  ab,  a#  .  .  . ; 
and  denote  the  lengths  of  these  lines  by  5, 
6...;  then  as  before  find  6,2=the  sum  of 
their  squares. 

3  .  Draw  a  perpendicular  t  to  r  of  such 
length  that  s  is  the  hypotenuse  of  the 
right  triangle  whose  three  sides  are  r,  s 
and  t.  Then  t'=s2—?'2  =  2ak.y.  Hence 
measure  t  to  the  scale  of  the  arch  and 
square  the  number  found,  which  square 

is  thus  equal  to  2ak.y  required,  whence 
H  may  be  found  from  the  preceding 
equation. 

Example. — Let  the  span  of  the  arch 
be  518  ft,  the  rise  51.8  ft,,  EI=39,680,000 
foot  tons,  and  let-- 0.2735  feet  (e  is  taken 
as  .000012  for  l°c),  *  being  '44°c  (about 
80°  Fahrenheit). 

On  dividing  the  semi-arch,  drawn  to  a 
scale  of  20  feet  to  the  inch,  into  sixteen 
equal  parts,  and  proceeding  as  before,  we 
find  F=  62.82—  3944.  =  ^alc-Vi  whence 
H= 82.4  tons. 

The  analytical  formula  (see  Du  Bois'  Graphi- 
cal Static*,  p.  302,  eq.  (66),  omitting  the  term  k, 
which  is  extremely  small  (less  than  T5jUjj  for 
the  middle  span  of  the  St.  Louis  Bridge)  gives 
H=81.9  tons,  on  substituting  in  it,  a=. 3947353, 
<in  a=. 3845639,  cos  a=. 9230984  and  ? -673.4; 
a  in  degrees  is  put  at  22°37/. 

57.  When  E,  I  and  s  are  variable,  we 
may  pursue  the  treatment  of  art.  41;  i.e., 
alter  the  distances  kxaxi  etc.,  for  a  trial 
line  kks  in  the  ratios  8-s-EI.  After  the 
position  of  kk%  is  obtained  we  proceed 
as  before,  using  the  altered  ordinates. 

In  fact,  the  preceding  equation  must 
now  be  written, 


kn  being  the  ordinates  to  the  arch  from 
the  closing  line.  Now  we  sec;  from  this 
equation,  that  at  each  point  axi  at,  .  .  ,that 

Tcii  being  multiplied  by    ,T,  changes  the 

EI 

ordinates  in  the  ratio  before  stated. 

Now  if  EI  is  greatest,  nearest  the  abut- 
ments, the  changed  ordinates  ka  become 
less  there  proportionally;  so  that  the  line 
kh\  is  raised  above  its  normal  position, 
whence  the  2  above  may  be  less  than  before 
and  H  greater.    This  was  the  case  at  the  St. 
Louis  bridge,  the  true  horizontal  thrust 
I  due  to  temperature  being  104  tons,  the 
varying  cross  section  being  considered.* 
58.  We  have  seen  that  the  strains  due 
to  a  change  of  span,  real  or  virtual,  result 
from  a  horizontal  force  H  at  a,  and  a 
,  couple  TL.ak  also  acting  at  a.     A  rise  of 
j  temperature,  producing  a  virtual  short- 
ening of  the  span,  the  force  H  at  a  acts 
;  towards  b.    On  the  contrary,  for  a  fall  of 
temperature  below  the  mean,  or  the  elas- 
tic shortening  of  the  arch  due  to  the  tan- 
gential forces,  or  for  an  actual  lengthen- 
|  ing  of  the  span  the  force  H  at  a  acts  tc- 
J  wards  the  left.     The  couple  TL.ak  is  in 
the    first    case   right    handed;    in    the 
second  case  left  handed.     We  see  easily 
that  the  moment,  at  any  point 


«2 = H.  ak — H.  ajb^ — H.  &2a2, 

as  was  asserted.  In  fact  we  must  con- 
ceive two  opposed  horizontal  forces  each 
equal  to  H,  at  «2,  one  of  which,  with  the 
force  H  at  a  forms  the  couple,  whose  mo- 
ment is  H,c/262  as  above.  This  gives  us 
finally  the  moment  H,a2&2  at  a2,  together 
with  a  single  horizontal  force  at  H,  acting 
to  the  right  or  left  according  as  H  at  a 
acts  to  the  right  or  left.  This  force  can 
be  resolved  into  tangential  and  normal 
components  at  a,,aa,  etc. ;  from  whence 
the  final  stresses  can  be  found  as  usual. 
If  more  convenient  a  single  force  H,  act- 
ing along  kkb,  may  be  used,  being  the  re- 
sultant in  position  of  all  outward  forces 
acting  on  the  arch,  and  the  strains  in  the 
flanges  determined  by  taking  moments 
about  suitable  apices. 

*  The  entire  construction  above  for  finding  II  differs 
essentially  from  that  given  by  Prof.  Eddy  in  Researches  in 
Graphical  Static*,  which  is  believed  to  be  erroneou.- 
also  the  determination  of  temperatnre  strains  for  the 
other  arches  treated  by  him. 
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59.  If  preferred,  trie  force  H  due  to 
temperature,  compression,  &c,  may  be 
combined  with  the  reactions  due  to  any 
system  of  loads,  according  to  the  princi- 
ples of  art.  50;  the  resulting  pressure 
curve,  with  a  pole  distance  equal  to  that 
due  to  the  loads,  plus  H,  is  then  the  true 
one  by  which  to  determine  the  strains  in 
any  member  of  the  arch.  In  this  way  is 
included  the  effect  of  the  components  T 
(art.  9),  hitherto  neglected.  The  sum  of 
the  horizontal  projections  of  the  shorten- 
ing of  each  part  s  of  the  arc,  due  to  T, 
which  is  easily  computed  is  the  virtual 
change  of  span. 

If  the  strain/,  per  square  unit,  due  to  T 
alone,  is  supposed  approximately  the 
same  on  each  cross-section,  the  change 

of  span  is  ( ~  L  ),  where  E  is  the  modulus 


of  elasticity  and  L  the  span,  from  which 
the  resulting  strains  are  readily  found. 
This  is  generally  a  sufficient  approxima- 
tion. 

The  strains  due  to  temperature, 
change  of  span,  &c,  are  very  large, 
requiring  the  most  accurate  fitting  of 
the  arch  members.  By  diminishing  the 
proportionate  depth  of  arch;  or  using 
a  material,  as  steel,  with  .  a  high 
modulus  of  elasticity,  these  strains  may 
be  diminished. 

60.  We  have  treated  the  arch  "fixed  at 
the  ends"  with  some  detail,  since  its 
solution  includes,  to  a  great  extent,  that 
of  arches  with  hinges.  The  latter  will 
now  be  considered,  as  briefly  as  is  con- 
sistent with  clearness,  avoiding,  as  much 
as  possible,  repetitions  of  the  same  con 
struction. 


ARCH  FIXED  AT  ONE  END  AND  HINGED  AT 
THE  OTHER. 

61.  Let  Fig.  11  represent  an  arch  fixed 
in  direction  at  B  and  jointed,  or  free  to 
turn,  about  the  point  O  at  the  other 
abutment.  We  have  taken  the  point  O 
outside  of  the  neutral  line  aa,  as  this 
presents  the  most  general  case.  In  fact, 
when  for  an  arch  with  flat  joints  at  both 
ends,  for  any  loading,  the  pressure  curve 
passes  outside  of  the  arch  at  one  abut- 
ment, when  treated  as  an  arch  fixed  at 
the  ends,  the  arch  there  will  rotate  about 
the  edge  of  the  joint,  as  O,  nearest  the 


pressure  curve ;  and  must  be  treated  as 
an  arch  fixed  at  B  and  jointed  as  O.  If 
the  pressure  curve  thus  found,  however, 
passes  outside  the  joint  at  B,  then  the 
arch  must  be  regarded  as  hinged  at  both 
ends  for  the  load  in  question.  If  the 
pressure  curve  for  the  arch  fixed  at  the 
ends  passes  outside  of  both  joints  B  and 
A.  We  next  try  the  pressure  curve  for 
the  arch  fixed  at  one  end  (the  end  where 
the  pressure  curve  is  nearest  the  neutral 
line),  and  if  the  resulting  curve  again 
leaves  the  arch  ring  at  the  end  supposed 
fixed,  then  the  arch  falls  under  the  head 
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of  the  "arch  hinged  at  both  ends,"  the 
points  free  to  turn,  lying  on  the  abutment 
joints  nearest  the  pressure  curve.  (See 
Mr.  Pfeifer's  article  in  Van  Nosteand's 
Magazine  for  June,  1876,  p.  494.)  If  the 
arch  is  lirmly  bolted  to  the  abutments  at 
the  ends,  so  that  the  connection  can  ex- 
err  sufficient  tensile  resistances,  as  in  the 
St.  Louis  bridge,  there  can  be  no  rocking 
at  cither  abutment,  so  that  the  arch  is 
properly  treated  as  fixed  at  the  ends  in 
all  cases.  It  is  evident  how  convenient 
the  graphical  method  is  in  determining 
the  special  case  to  be  treated  even  when 
the  analytical  method  is  finally  applied. 

62.  The  arch,  Fig.  11,  is  taken  of  the 
same  proportions  and  divided  up  in  the 
same  manner  as  Fig.  6.  The  true  press- 
ure curve  e  is  shown  by  the  dotted  line, 
the  force  polygon  being  0"18  on  the  left. 
We  shall  presently  show  how  to  draw 
this  curve.  Granting  that  it  is  the  true 
one.  it  possesses  some  peculiarities,  well 
to  note,  about  the  point  o,  through  which 
the  right  reaction  of  all  the  loads  must 
pass  in  the  direction  6,0.  On  combining 
this  reaction  (ray  1  P  on  the  left),  with 
the  load  at  a},  we  get  the  resultant  (ray 
12),  acting  along  e1  e2,  on  the  part  of  the 
arch  axan_  and  so  on.  Hence  e1ei  does 
not  pass  through  O. 

We  draw  the  equilibrium  polygon  c,  as 
in  Fig.  6,  with  an  assumed  pole  o',  ex- 
cept that  at  6- ,  the  direction  of  the  reac- 
tion, or  ray  1  P,  is  produced  to  intersec- 
tion N  with  the  vertical  through  O. 

If  we  draw  NN'  as  a  trial  closing  line, 
and  suppose  forces  F=o'P(o/P  being 
parallel  to  NN')  applied  at  N,  N',  c1  and 
V,  as  in  Fig.  5  parallel  to  NN7,  we  see 
that  ccNN'  is  the  equilibrium  polygon 
due  to  the  weights,  with  moments  at  B 
and  ax  proportional  to  VN'  and  nxcv  It 
is  seen  that  at  each  apex,  N,  c,,  c2, . .  V,N', 
we  have  forces  in  equilibrium. 

On  conceiving  the  polygon  cut  about 
X.  &c.,  as  in  art.  4,  we  see  that  the  mo- 
ment at  N  is  zero,  as  we  desire  it  to  be. 

The  moment  at  B,  necessary  to  fix  the 
end  of  the  arch,  acting  as  a  girder,  is 
equal  to  H.N'V,  H  being  the  horizontal 

thrust  corresponding  to  a  pole  o',  and  N'V 
having  its  proper  length,  to  be  deter- 
mined presently. 

Now  the  true  pressure  cuiwe  of  the 
arch  must  satisfy  the  conditions  of  art. 
15. 


^  Mas=o,    2^My=o; 

the  origin  of  co-ordinates  being  at  the 
point  O,  x  horizontal,  y  vertical. 

G3.  We  must?  likewise  have  for  the 
"girder,"  since  the  vertical  deflection  of 
o  below  the  tangent  at  B  is  zero, 
2M.cx=o;  whence  2"Max=o,  as  in  art. 
23.  Now  Mc  is  proportional  to  ordinates 
of  the  type  nc  =  (vc—vn);  so  that  the 
preceding    condition    may    be    written, 

2  (vc  —  vii)x—o  .*.  2  (vex)  ='2  (vn  .  x). 
That  is,  calling  the  horizontal  distances 
of  Cj,  c2, . . ,  from  o,  xx,  *3, . . ,  we  must  have, 

(tta.*,  +  ya<vaa  +..)  =  (VV5 + *v  v^ + ••) 

It  is  seen  that  although  vc1  and  vxnx  are 
minus,  yet  cc,  is  also  minus  (art.  12)  so 
that  all  quantities  in  the  above  equation 
may  be  regarded  as   plus;  so   that  the 

result  is  the  same  if  v1c1  and  vin1  are 
supposed  laid  off  a  distance  x1  to  the  left 
of  N,  in  the  above  summation.  We  can 
form  the  above  products  graphically  as 
shown  in  art.  32,  the  parallels  being 
already  laid  off,  and  if  the  two  members 
of  the  equation  are  not  equal,  we  have 
simply  to  alter  VN'  in  the  ratio  of  the 
right  to  the  left  members,  which  thus 
fixes  the  position  of  the  line  NN'. 

Otherwise,  by  aid  of  two  equilibrium 
polygons,  using  vc  and  vn  as  forces, 
(vx  Cj  and  vl  nt  being  laid  off  to  left  of  N 
as  above)  find  their  resultants  T  and  R 
similar  to  T  and  R  of  Fig.  6 ;  then  if  t  and 
r  are  their  horizontal  distances  to  N,  we 
must  have,  TZ=R?\  If  these  products 
are  unequal,  alter  VN'  as  before.  This 
method  is  best  in  view  of  what  follows. 

64.  For  the  curve  aa  regarded  as  an 
equilibrium  polygon,  some  line  kk,  pass- 
ing through  O  must  be  the  closing  line ; 

the  ordinates  of  the  type  ka=ba — Jcb  are 
then  proportional  to  M.a,  so  that  as  be- 
fore we  must  have  the  following  condi- 
tion satisfied,  the  quantities  all  being  plus, 

(— bxavxx  +  £2«2.a2  +  ...)  

These  products,  except  the  first,  are 
all  plus,  and  may  be  formed  as  above. 
Since  the  effect  in  the  summation  is  the 
same  if  we  consider  blkl  laid  off,  xt  to 
left  of  O,  all  quantities  being  plus,  we 
can  use  the  second  method  above  more 
easily  in  this  case;  for  T'^sum  of  ordi- 
nates of  type  b/c,  acts  in  the  same  verti- 


364 


VAN  NOSTRANIXS   ENGINEERING  MAGAZINE. 


cal  as  T,  so  that  if  the  first  construction 
has  been  made,  we  have  only  to  find  T', 
when  T't  will  be  known.  The  resultant, 
R'  =  2(£«),  acts  through  the  crown,  since 
&!«!,  h.fi^  .  . ,  are  all  positive;  the  lever 
arm  of  R'  about  o,  r',  equals  the  distance 
from  the  center  of  the  span  to  o. 

We  should  have,  if  k1k8  is  in  its  proper 
position,  T'^R'  r';  otherwise  alter  bs  ke 
in  the  ratio  of  EV  to  T't,  to  find  the 
true  position  of  the  closing  line  kjcs. 

65.  From  the  condition  that  the  space 
is  invariable  we  have, 

ZMy=Z(Me-M.a)y=o 
.-.  2Mc^Mfly; 

the  summation  being  extended  over  the 
entire  span. 

Writing  the  proportional  equation  in 
full,    we    have,    in    this    case,    putting 

(■ 


+  ?¥5 


■naca 


y.) 

By  way  of  variety,  let  us  scale  off  the 
above  distances  from  the  drawing,  using 
a  scale  of  40  feet  to  the  inch. 

On  forming  the  sum  of  the  products 
indicated  we  have  for  the  ratio, 

2May~^Mcy=^ 

Therefore  each  of  the  ordinates  no  of  the 
polygon  c  must  be  increased  in  this  ratio; 
after  which  they  may  be  laid  off  from 
the  closing  line  kjc6,  and  the  true  press- 
ure curve  drawn  as  shown  by  the  dotted 
line  ee. 

66.  In  order  to  find  the  new  position 
o"  of  the  pole,  for  the  true  force  polygon 
o"18  on  the  left,  we  draw  from  the 
assumed  pole  o',  a  line  o'P  j|  NN',  thus 
dividing  the  load  line,  18  into  the  two 
vertical  components  of  the  reactions. 
Then  draw  the  horizontal  Po"  equal  to 
the  old  pole  distance  diminished  in  the 
ratio  of  15  to  42,  giving  o" ,  the  new 
pole,  from  whence  the  pressure  curve 
may  be  tested,  or  drawn  anew  having 
one  starting  point. 

In  altering  the  length  of  lines  in  a 
given  ratio,  use  may  be  made  of  propor- 
tional dividers,  for  small  drawings,  espe- 
cially; or  the  common  geometrical 
method  of  using  two  ratio  lines  may  be 
employed,  as  explained  before. 


As  a  final  test  of  this  pressure  curve, 
we  find  by  scaling  the  ordinates,  multi- 
plying, &c,  that  lM.x=o,  and  2  My  is 
very  nearly  zero  also.  The  ordinates  to 
dotted  curve  above  aa  are  of  opposite 
sign  to  those  below  in  this  summation. 

67.  On  comparing  the  above  pressure 
curve  with  that  of  Fig.  6,  we  see  that  it 
departs  much  farther  from  the  neutral 
line  aa,  though  the  horizontal  thrust  is 
much  less.  The  depth  of  arch  ring, 
compared  with  its  span,  has  been  greatly 
exaggerated  for  usual  cases  in  practice  ; 
so  that  the  point  O  is  generally  much 
nearer  A.  When  O  is  to  the  right  of  the 
vertical  af>x,  the  construction  is,  more- 
over, slightly  simplified,  as  there  are  no 
negative  ordinates,  vxcx,  vj%x,  bfi^,  or 
abscissas  xx,  for  this  case.  This  is  like- 
wise true  when  0  is  taken  above  a. 

For  different  loading  or  position  of  O, 
the  form  of  the  pressure  curve  may  be 
materially  altered. 

For  the  determination  of  maximum 
stresses,  we  have  to  treat  single  weights 
as  before,  and  combine  their  effects. 

68.  Temperature  Strains. — A  real  or 
virtual  alteration  of  span  produces 
strains,  similar  to  those  caused  by  a  force 
acting  at  O  along  Jcfis ;  since  such  a  force, 
whose  horizontal  component,  call  H, 
causes  moments  of  the  type  ~&.ah  at  each 
point  a;  therefore  the  condition  that  the 
vertical  deflection  of  O  be  zero,  SM?/= 
Hl(ak.y)  =  o,  requires  the  same  closing 
kfi8  previously  found,  the  moment  at  O 
being  zero.  Calling  h  the  change  of  span 
due  to  temperature,  compression,  &c, 
we  have  as  in  art.  55, 

TT^-r  x     AEI 
Ha(dfey)s=— -; 

from  whence  H  may  be  found  as  before, 

noting  that  ah  is  minus  on  one  side  of 
Jcjc6,  and  plus  on  the  other  side  in. the 
summation. 

69.  For  very  flat  arches,  we  may  divide 
the  span  into  equal  parts,  whence  the 
ordinates  corresponding  to  Mc  and  Ma 
are  proportional  to  the  areas  of  the  trape- 
zoids of  which  they  are  the  medial  lines, 
so  that  moment  areas  may  be  employed ; 
which  is  most  accurately  done  in  con- 
nection with  Simpson's  rule.  The  reader 
is  referred  to  Eddy's  "Researches  in 
Graphical  Statics,"  for  the  most  extended 
application  to  arches  of  moment  areas. 

The  reader  will  do  well  to  apply  the 
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principlefi  of  ait.  34,  in  applying  the  two 
conditions,  £Mse=o,  £My=o:  especially 
;i>  a  new  form  of  equilibrium  polygon  is 
introduced     The  results  are  of  course 

the  same  iu  both  cases.  The  method  of 
that  article  may  be  applied  to  all  the  fol- 
lowing cases. 

ARCH  HINGED  AT  BOTH  ENDS. 

70.  Let  the  same  arch,  fig.  11,  be  re- 
garded as  hinged  at  O  and  D,  the  lower 
s  of  the  abutment  joints.  The  reac- 
tions must  now  pass  through  O  and  D. 
Having  drawn  a  trial  curve  cc,  extend  Yc„ 
to  intersection  N"  writh  the  vertical 
through  D ;  the  line  NN"  is  the  true  clos- 
ing line  for  curve  c.  Hence  drawing 
through  O'  a  line  parallel  to  it,  we  divide 
the  load  line  1.8  into  the  two  vertical 
components  of  the  reactions. 

To  elongate  the  ordinates  of  polygon 
c  to  their  true  lengths,  we  have  the  con- 
dition that  the  span  is  invariable, 

2'M^  =  r(Mc-Ma)y  =  o 
the  line  OD  being  the  true  closing  line. 


On   measuring  y^ba,  at    each  point 
" r". and  the  ordinates  proportional 

to  M(.  included  between  NN"  and  poly- 
gon c,  noting  that  the  ordinates  ate,  and 
r.  are  negative,  and  forming  the  above 
products  we  find  that, 

2Mc.v_  31 

^May_103  ; 

hence  we  must  shorten  the  pole  distance 
in  this  ratio,  and  lengthen  the  ordinates 

I  in  the  inverse  ratio,  as  shown  previously. 
The  lengthened  ordinates  from  NN"  to 
curve  c,  are  laid  off  from  blbs  giving  the 

,  true  pressure  curve,  as  shown  by  the 
dotted  line  passing  to  the  right  of  the 

j  first  curve  at  es  and  e7  and  crossing  it 

i  about  e6  and  er  When  the  hinged,  or 
free  to  turn,  points  are  at  A  and  B  there 
are  no  longer  negative  moments  at  cl 
and  c8. 

71.  Temperature  strains.  The  thrust 
or  pull  H  due  to  temperature  &c,  can 
only  act  along  OD,  giving  moments  of 
the  type  H.ba;  whence  HsZfta.y)—  h~EI 
from  which  equation  H  may  be  found  on 
substituting  the  values  of  s,2(ba.y)  — 103? 
h  and  EI  as  hitherto  shown. 


CURIOSITIES  OF  WATER  SUPPLY. 


From  "The  Engineer." 


That  water  engineering — limiting  the 
expression  to  the  supply  of  water  to  the 
inhabitants  of  cities  and  towns — has  retro- 
graded in  modern  times,  may  be  plaus- 
ibly argued,  and,  indeed,  in  some  of  its 
aspects,  that  is  an  undoubted  truth. 
Economy  in  .outlay  formed  no  element 
in  the  projects  for  the  supply  of  water 
to  ancient  Rome.  They  were  designed 
with  an  eye  to  public  utility  only,  and 
whether  executed  at  the  cost  of  the  State 
or  by  the  munificence  of  consuls  or  em- 
perors, had  no  divided  aim,  as  in  the  case 
of  our  Metropolitan  water  supplies,  to 
individual  or  joint  stock  profit:  hence 
the  prime  aim  of  the  Roman  water  engi- 
neer was  to  procure  and  pour  into  the 
city,  often  through  miles  of  magnificent 
aqueduct,  such  a  cojuous  flood  of  pure, 
cool,  and  limpid  water,  that  every  citizen, 
poor  or  rich,  without  impost  or  payment, 
should  be  free  to  use  it  or  waste  it  at  his 


pleasure.  A  few  of  these  magnificent 
waterworks  still  bring  their  supplies  into 
Rome,  and  the  remains  of  like  works  are 
to  be  found  still  scattered  over  every 
part  of  Europe  to  which  Roman  civiliza- 
tion had  reached.  But  with  the  decay  of 
Roman  power  a  sad  falling  off  began, 
and  in  those  ages  of  ignorance  and  super- 
stition which  so  many  amongst  ourselves 
|  are  willing  to  extol  as  the  "ages  of  faith," 
j  water  supply  was  everywhere  neglected 
!  except  in  the  monasteries  or  other  great 
ecclesiastical  centers,  and  the  supply  of 
water  throughout  the  cities  and  hamlets 
of  Europe  dropped  to  the  lowest  j)°mt 
that  natural  conditions  would  permit. 
Whoever  reads  "Haccker's  History  of 
the  Epidemics  of  the  Middle  Ages,"  trans- 
lated some  years  ago  from  the  original 
German  by  the  Sydenham  Society,  will 
easily  recognize  how  much  their  virulence 
and  spread  was  due  to  the  insufficiency 
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or  badness  of  the  water  everywhere  con- 
sumed. We  may  learn  from  Falstaff's 
experiences  of  the  "buck  basket,"  in  the 
"Merry  Wives  of  Windsor,"  how  filthy 
habits  were  produced  by  the  difficulties 
of  ablution  arising  from  water  having  to 
be  carried  into  the  houses,  for  greater  or 
less  distances,  from  the  insufficient  pub- 
lic source.  In  London  this  culminated 
in  the  "plague"  and  in  the  "great  fire," 
and  after  an  interval  of  apathy,  came  the 
epoch  of  the  modern  water  supplies  of 
London,  the  earliest  being  the  London 
Bridge  pumping  engines  driven  by  under- 
shot water  wheels,  actuated  by  the 
Thames  pent  up  at  old  London  Bridge, 
and  the  magnificent  work  of  Sir  Hugh 
Middleton,  still  usually  the  bearer  of  the 
best  water  that  comes  into  London ;  and 
then  came  the  false  political  economy  of 
conferring  legislative  powers  upon  col- 
lections of  private  individuals,  miscalled 
public  companies,  to  supply  water  and 
levy  rates  for  it,  the  first  necessary  of 
life,  which  should  make  it  a  source  of 
profit,  a  false  system  from  which  all  Lon- 
doners are  now  suffering.  Our  water  sup- 
ply is  tolerable  in  quality,  and  admits  but 
of  little  complaint  as  to  quantity,  but  it 
has,  by  the  vicious  system  of  the  water 
companies,  been  made  extravagantly  dear, 
and  as  surely  as  but  recently  the  false  sys- 
tem of  toll-bridges  has  been  abolished,  so 
will  a  not  very  distant  time  arrive  when  the 
London  water  companies  will  have  to  be 
bought  up.  The  debate  upon  this  sub- 
ject, initiated  by  Mr.  Fawcett  on  Wednes- 
day, was  very  significant  as  to  this.  We 
do  not  propose,  however,  to  pursue  this 
large  subject  systematically,  or  at  any 
length ;  our  aim  is  simply  briefly  to  place 
before  our  readers  a  few  of  the  curiosities, 
as  they  present  themselves  to  the .  engi- 
neer at  least,  of  water  supply  to  commu- 
nities, small  or  great.  Probably  no 
community,  at  least  in  Europe,  is  more 
strangely  supplied  with  water  than  are 
the  inhabitants  of  Arenara  in  the  volcanic 
island  of  Panaria,  one  of  the  Lipari  group. 
From  nearly  the  summit  of  the  extinct 
volcano  which  forms  the  entire  island 
descends  an  unbroken  field  of  black  vol- 
canic sand,  consisting  chiefly  of  minute 
crystals  of  pyroxene,  which  covers  every- 
thing beneath  to  a  depth  of  several  feet 
and  descends  to  the  seashore,  where  the 
waves  have  at  two  or  three  points  ex 
posed  the  beds  of  lava  or  other  volcanic 


rocks  on  which  the  black  sand  reposes ; 
the  total  surface  thus  covered  probably 
not  exceeding,  if  indeed  it  reaches  a  square 
mile  in  area.  The  entire  water  supply  for 
several  hundreds  of  the  inhabitants  of  the 
island  is  dependent  upon  the  water  which 
drips  continually  at  near  the  sea  level  from 
this  one  bed  of  volcanic  sand.  Hooped 
or  earthen  vessels,  are  placed  to  receive 
it,  and,  though  unguarded,  are  reverently 
preserved  from  pollution  or  injury  by  the 
many  who  come  to  fill  their  own  vessels 
from  this  dripping  well.  The  supply  from 
it  varies  but  little  at  any  season,  or  in  any 
weather;  when  the  surface  of  the  black 
sand  is  so  heated  by  the  sun  as  to  be 
painful  to  the  foot  through  a  thick  sole, 
and  when  the  rain  descends  in  the  torrents 
characteristic  of  the  climate  of  this  part 
of  the  Mediterranean,  the  threads  of 
water  none  bigger  than  a  pencil,  continue 
to  flow  tolerably  cool,  good  in  taste,  and 
perfectly  pellucid;  they  are  never  turbid; 
it  is,  in  fact,  a  natural  filter  bed.  In  a 
small  sea-surrounded  volcanic  island, 
where  there  is  no  running  water,  nor  in- 
deed any  water  except  what  is  husbanded 
at  Singua  and  elsewhere  in  cisterns,  the 
precariousness  of  the  supply  obtrudes 
itself  more  than  its  smallness;  yet  the 
testimony  of  the  priest  and  of  other  of 
the  more  intelligent  inhabitants  is,  that 
within  the  present  century  it  never  com- 
pletely failed,  and  but  once  became  so 
diminished  that  boats  were  sent  off  to  the 
much  larger  adjacent  island  of  Lipari  to 
bring  back  a  supply.  There  are  some 
curious  superstitions  as  to  their  singular 
water  supply  amongst  the  Panariots,  but 
they  are  not  worth  notice  here.  Venice, 
though  upon  a  far  larger,  and  applying 
to  a  greatly  larger  population,  was,  until 
a  comparatively  recent  period,  dependent 
upon  something  of  much  the  same  sort 
of  precarious  supply,  though  in  this  case 
the  supply  was  obtained,  not  from  unaided 
nature,  but  by  human  ingenuity.  The 
subjacent  soil  of  the  Queen  City  of  the 
Adriatic  consists  everywhere  of  beds  of 
silt  and  sand,  permeable  by  water,  and 
thoroughly  waterlogged.  To  obtain  a 
supply  of  water  from  wells  in  such  a  soil 
was  of  course  impossible.  In  compara- 
tively recent  times  attempts  have  been 
made  to  sink  artesian  wells  through  the 
silt,  and  into  the  formations  underlying 
the  lagoons  and  bed  of  the  Adriatic ;  but 
without  success.     Beds  of  sand  and  of 
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Bandy  pent,  sloping  steeply  seaward,  were 
encountered  to  a  depth  exceeding  500  It. ; 
but  no  potable  water.  The  first  introduc- 
tion   of    extraneous  water    entered     the 
city    with    the    railway    viaduct,     about 
thirty  years  ago  :  and  this  source  of  sup- 
ply has,  we  believe,  been  since  considera- 
bly increased;  but  prior  to  that  the  sup- 
ply of  water  to  Venice  was  only  what  it 
had  been  from  the  fifteenth  century,  and 
earlier,  in  the  days  of  her  opulence  and 
political  importance.    It  consisted  simply 
in  the  rain-water  collected  from  the  roofs 
and  court  yards  of  her  palaces  and  houses, 
and  from  the  surfaces,  which,  were  care- 
fully nagged  and  channel-coursed,  of  her 
public   places,    such  as  the    well-known 
Piazzo   di  San  Marco.     The  water  thus 
collected   from   clean   but  very   limited 
surfaces  was  conducted  by  covered  pipes 
or  channels  into  ingeniously  constructed 
draw-wells,  which  were  at  once  filtering 
cisterns  and  reservoirs.     They  were  thus 
constructed: — An  excavation  in  the  shape 
of  an  inverted  truncated  pyramid  with  a 
'  level  bottom  was  sunk  in  the  soil  and 
lined  up  to  near  the  surface  by  a  timber 
frame   and   close  boarding,  which    was 
caulked  water-tight.     From  the  center  of 
the  flat  bottom  was  built  up  a  cylindric 
well  of  dry  brickwork,  and  the  space  be- 
tween it  and  the  timber  lining  was  filled 
up  with  stones  and  gravel  and  sand  suffi- 
ciently fine  to  form  a  filter  bed.     The 
rain-water  from  the  surrounding  roofs  or 
flagged  spaces  was  conducted  into  this 
space,  overflow  channels  being  provided 
to  take  off  any  surplus  rain  after  the  fil- 
tering space  and  well  were  filled.      The 
whole  was  covered  over  and  flagged  upon 
hard  wood  beams,  the  mouth  of  the  well 
was  sometimes  covered  over  also,  but  in 
the   more  important — those    situated  in 
public   places — it   was   parapetted  by  a 
superb  circular  casting  in  bronze,  often 
richly  adorned  by  figures,  in  high  relief. 
Several  of  these  superbly-finished  draw 
wells  still  exist  in  Venice  and  in  other 
cities  of  the  ancient  Lombardo- Venetian 
territory.     The  water  collected  in  these 
wells  was  potable  and  inoffensive  to  the 
taste,  to  an  extent  which  could  not  have 
been  expected  from  water  thus  obtained, 
and  in  such  close  contact  with  the  stag- 
nant  and   more   or   less   putrid   waters 
everywhere  filling  the  soil  beneath  the 
city.     It  is  to  be  remembered,  however, 
that  Venice  was  never  a  smoky  city,  and 


that  a  large  proportion  of   its   offal   and 
solid     sewage    was    taken    away    by    th<i 
canals  and  applied  as  manure,  or  boated 
away,  and  thrown  into  the  "lagoons"  or 
the  open  sea.    Still  the  presence  of  fevers 
and  various  malarious  diseases,  and  ma- 
lignant forms  of  organic  disease  attested, 
and  still  attest  the  unhealthiness   of  the 
position,  and  the  want   of  an   abundant 
supply   of   pure   water  and  an  efficient 
system  of  deep  drainage.     For  all   culi- 
nary and  domestic  purposes  these  curious 
wells  were  the  only  resource,   but  in  the 
opulent  days  of  the  city  a  very  perfect 
system  of  water-carriers  was  in  operation  ; 
these  brought   water  for  all  other  pur- 
poses   from    the    Grand   Canal   or   the 
Brenta.     Venice   was  a  salient  example 
of  a  city  ill-posted  from  the  outset ;  and 
gradually  made  great  by  many  circum- 
stances ;   but  in  Europe  at  large  it  is  a 
rare  thing  to  find  any  ancient  town,  or 
indeed  any  modern  city,  as  well  supplied 
with  water  as  are  some  of  the  great  cities 
of  the  United  States,   such  as  Chicago 
and  New  York.      Nature  here  places  in 
the  hand  of  the  engineer  capabilities  such 
as  are  denied  him,  for  the  most  part,  in 
the  civilized  regions  of  our  hemisphere. 
In    these   new  American  cities,  and   in 
those  of  our  Australian  colonies,  will  be 
found  hereafter  the  noblest  examples  of 
civic   water   supply,  and    to  which   the 
water  engineer  of  the  future  will  look  for 
instruction  and  example  even  more  than 
to  the  superb  waterworks  of  the  days  of 
Roman  power.     Already  the  construction 
of  the  Geelong  and  Sandhurst  water  res- 
ervoirs, of  which  some  account  will  be 
found  in  Vol.  56  of  "Minutes  of  Pro 
ceedings  of  the  Institution  of  Civil  En- 
gineers, 1878-79,"  has  solved  upon  a  great 
scale   a  problem   of   great   and  widely- 
varied  interest,  namely,  whether  blown 
sand  absolutely  free  from  clayey  or  vege- 
table mixture  can  be  made  to  impound 
water,   and  it  has  been  proved  that    at 
a  certain  thickness  a  bank  of  such  sand, 
though    its*  interstices    are    completely 
waterlogged,  become  absolutely  impervi- 
ous to  the  passage  or  percolation  of  water 
through  it. 

A  complete  theoretic  account  of  the 
unanticipated  facts  remains  yet  to  be 
given,  although  it  can  be  easily  discerned 
that — just  as  any  tube  of  small  bore  may 
be  so  prologed  that  a  given  head  of  water 
may  be  unable  to  force  its  way  through 
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it,  so  the  capillary  interstices  between 
the  particles  of  pure  silicious  sand,  when 
filled  to  a  certain  distance  with  water, 
may  have  the  small  resistances  gradually 
accumulated  until  they  permit  none  to 
pass.  As  always  happens,  as  a  conse- 
quence of  the  discovery  of  a  new  truth, 
whether  of  observation  or  experiment, 
practical  deductions  of  an  important 
character  have  already  followed  from  the 
construction  of  these  sand-made  reser- 
voirs in  Australia.  The  sand  embank- 
ment surrounding  such  a  reservoir  be- 


comes itself  an  immense  magazine  of 
water,  so  that  when  the  surface  is  lowered 
by  the  afflux  at  any  time"  exceeding  the 
supply,  the  volume  of  water  drawn  off  is 
found  by  calculation  much  to  exceed  the 
visible  capacity  of  the  reservoir  which 
has  been  emptied.  Where  the  hight  of 
the  embankment  is  not  to'o  great  and  the 
material,  pure  sand,  exists,  there  will  be 
a  positive  advantage  in  constructing 
reservoirs  of  sand  only,  in  place  of  clay, 
or  other  impervious  material. 


THE  HYPOTHESIS  OF  AN  ABSOLUTE  ZERO  OF 

TEMPERATURE. 

Translated  from  "Kevue  Industrielle"  for  Van  Nostrand's  Magazine. 


The  temperature  of  the  assumed  abso- 
lute zero  is,  as  we  knew,  determined  by 
the  following  reasoning; 

H  being  the  pressure  of  a  gas  at  the 
temperature  t,  and  H0  the  pressure  at  zero, 
these  quantities  sustain  the  relation  ex- 
pressed by  the  equation 

H=H0(l  +  «*), 

a  being  the  coefficient  of  dilatation  of  the 
gas. 

If  we  wish  H  to  become  nothing,  it  is 
necessary  that  l  +  at=0  (H0  being  a  con- 
stant) so  that  *= — =  -273°. 
a 

This  reasoning  is  faulty  in  many  ways. 
The  coefficient  a  of  dilatation  is  not  the 
same  for  all  gases ;  especially  is  this  true 
near  —273°  where  the  so-called  permanent 
gases  approach  the  point  of  liquefaction. 
Furthermore  this  coefficient  varies  with 
the  temperature  in  a  manner,  at  present, 
not  well  defined. 

Consequently  there  exists  for  each  gas 
a,  different  absolute  zero,  whose  value  can 
not  at  present  be  determined. 

But  even  if  we  admit  that  this  coefficient 
is  practically  the  same  for  all  gases,  and 
that  it  does  not  vary  with  the  temperature, 
the  above  equation  is  still  erroneous. 


Consider  for  instance  a  gas  whose  vol- 
ume is  unity  at  a  certain  temperature. 
If  the  temperature  be  raised  one  degree, 
the  volume  will  become  1  +  a :  if  raised  one 
degree  higher  its  volume  becomes  (1 4- «) 
+  a(l-j-a)  or  (1  +  a)*.  The  volume  for  a 
temperature  t  becomes  (1 +  <*)*• 

If  this  be  developed  by  the  binomial 
theorem  we  get  the  following  expres- 
sion; 

,Kt-i) ,  ^-i)(«-a)   tej 


Y=l  +  at  +  aQ 


1.2 


1.2.3 


The  first  two  terms  represent  the  usual 
formula ;  the  other  terms  being  neglected. 

Now  although  we  may,  for  practical 
purposes,  reject  the  remaining  terms,  it  is 
clearly  improper  to  do  so  when  we  extend 
the  application  of  the  formula  to  extreme 
limits. 

The  equation  H=H0(1 4-  e^)is  incorrect. 

The  true  one  is;  H=H0(l-|-a)* 

In  this  expression  if  we  make  H=0,  we 
find  t=  —  infinity. 

We  may  say,  then,  that  in  the  present 
state  of  our  knowledge,  nothing  justifies 
the  assumption  of  an  absolute  zero,  and 
that  it  is  one  of  those  false  hypotheses 
that  tend  to  retard  the  development  of 
science. 
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ON  THE  FLOW  OF  WATER  IN  RIVERS.* 

Br  UE  VOLSON  WOOD,  C.  E. 

Transactions  of  American  Society  of  Civil  Engineers. 


At  the  Convention  of  the  Society  in 
June  of  last  your,  held  in  Boston,  that 
eminent  hydraulician,  James  B.  Francis, 
reported  the  result  of  an  experiment 
made  by  him,  which  showed  that  the  wa- 
ter at  the  bed  of  a  stream  of  water  gra- 
dually rises  to  the  surface.  He  placed  a 
white  substance,  having  about  the  same 
specific  gravity  as  water,  at  the  bottom 
of  the  stream,  leaving  it  in  such  a  condi- 
tion that  the  moving  water  would  take 
with  it  some  of  the  substance  ;  and  he 
observed  that  the  water  thus  colored  rose 
to  the  surface  at  a  point  some  distance 
below  where  it  was  placed.  This,  so  far 
as  I  know,  was  the  first  definite  state- 
ment of  this  mode  of  action  in  streams 
of  water.  In  the  discussion  which  fol- 
lowed, I  stated  that  admitting  the  cor- 
rectness of  the  principle  stated  by  Mr. 
Francis,  it  followed  that  the  water  at  the 
surface  must  necessarily  find  its  way  to 
the  bed  of  the  stream,  and  that  this  ac- 
tion might  enable  us  to  account  for  the 
fact,  now  generally  admitted,  that  the 
point  of  maximum  velocity  in  the  cross- 
section  of  a  flowing  stream  is  not  at  the 
surface,  but  at  a  lower  point,  generally 
between  the  surface  and  the  half  depth 
of  the  stream.  My  view,  as  then  ex- 
pressed, was  that  gravity  acting  upon  the 
particles  during  their  descent  would  ac- 
celerate, or  at  least  would  tend  to  accele- 
rate, their  motion  ;  and  that  the  action  of 
gravity,  combined  with  the  motions  im- 
pressed by  the  mutual  actions  of  the  par- 
ticles, might  account  for  the  position  of 
the  point  of  the  maximum  velocity.  This 
view  I  still  believe  to  be  correct,  and  I 
desire  in  the  following  paper  to  consider 
more  in  detail  some  of  the  principles 
herein  involved. 

The  earliest  experiments  showed  con- 
clusively that  the  velocity  at  different 
points  in  the  cross-section  of  a  stream 
was  not  the  same — that  it  was  greater 
near  the  middle  than  at  the  sides  of  the 
stream,  and  greater  at  the  surface  than 
near  the  bottom.  Improved  apparatus 
and  more  careful  experiments  led  to  the 


*  Presented  at  the  Eleventh  Annual  Convention,  June 
17,  18T9.     Read  July  16th,  1879. 
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statement  that  the  maximum  velocity 
was  at  the  surface,  and  that  it  decreased 
with  the  depth,  though  not  as  a  direct 
simple  function  of  the  depth.  Some  as- 
sumed that  the  curve  of  velocities  would 
be  represented  very  nearly  by  a  parabola 
whose  axis  was  vertical  and  whose  vertex 
was  at  some  unknown  distance  below  the 
bed  of  the  stream  (see  D'Aubisson's  Hy- 
draulics). Most  of  the  earlier  experi- 
ments were  made  upon  rectangular  canals 
of  comparatively  small  depths  and  of 
comparatively  smooth  beds — conditions 
not  realized  in  the  more  important 
streams,  and  which,  on  account  of  the 
small  dimensions  of  the  cross  section, 
rendered  it  impossible  to  determine  by 
direct  measurement  the  velocity  at  all 
points  with  sufficient  accuracy  to  enable 
us  to  detect  the  true  point  of  maximum 
velocity.  It  was  in  connection  with  ex- 
periments upon  such  a  canal  that  M. 
Bazin,  about  the  middle  of  the  present 
century,  concluded  that  the  maximum 
velocity  at  the  middle  of  a  stream  was  at 
the  surface,  although  he  admitted  that 
between  the  middle  and  the  sides  the 
maximum  velocity  might  be  a  short  dis- 
tance below  the  surface  (see  Morin's  Hy- 
draulique). 

Experiments  upon  rivers  of  consider- 
able size  have  shown  that  the  point  of 
maximum  velocity  is  below  the  surface 
of  the  stream*.  Since  the  discovery  of 
this  principle,  many  writers  attribute  the 
loss  of  surface  velocity  to  the  frictional 
resistance  between  the  water  and  the  su- 
perincumbent air.  But  this  assumption 
was  disproved  by  Humphreys  and  Ab- 
bot, by  finding  that  when  the  wind  was 
blowing  down  stream  with  the  same  ve- 
locity as  the  surface  of  the  stream,  or 
even  with  a  greater  velocity,  the  point  of 
maximum  velocity  was  still  at  a  percep- 
tible distance  below  the  surface.  Boi- 
leau  was  satisfied  from  his  experiments 
that  the  diminution  of  velocity  from  the 


♦See  Ellett  on  the  "Mississippi  and  Ohio  Rivers," 
1853;  Boileau,  "Traitu  de  la  Mesure  des  Eaux  Courantes," 
1854;  Darcy  et  Bazin,  "Kecherclies  Hydrauliques,"  1805; 
"  Report  on  the  fhysics  and  Hydraulics  of  the  Missis- 
sippi River,"  by  Captain  Humphreys  and  Lieut.  Abbot, 
1861 ;  Morin's  Hydraulique. 
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maximum  to  the  surface  could  not  be  at- 
tributed to  the  frictional  resistance  of 
the  air.  He  says :  "  We  must  seek  for 
an  explanation  of  this  phenomenon  prin- 
cipally in  the  mutual  actions  which  bind 
the  particles  to  each  other,  and  in  the  ob- 
lique and  rotary  movements  among  the 
particles  which  result  from  these  mutual 
actions  and  the  unequal  velocities  of  the 
neighboring  particles."  This  statement, 
made  a  quarter  of  a  century  ago,  con- 
tains sound  philosophy,  and  furnishes  a 
general  explanation  of  several  phenom- 
ena, the  particular  reasons  for  which  it 
is  not  so  easy  to  assign.  For  instance, 
it  is  not  easy  to  explain  why  'particular 
whorls  are  formed  in  water,  or  why  they 
take  a  particular  path,  or  why  parts  of 
a  stream,  in  certain  cases,  flow  up  stream 
while  the  general  declivity  is  down 
stream,  &c. 

The  path  of  a  particle  in  a  stream  of 
water  of  uniform  regime  is  exceedingly 
tortuous.  The  experiments  of  Francis, 
cited  at  the  beginning  of  this  article, 
show  that  the  particle  leaves  the  bed  of 
the  stream  and  ascends  more  or  less  gra- 
dually to  the  surface,  and  as  this  may 
take  place  with  all  the  particles,  it  neces- 
sarily follows  that  those  at  the  surface 
must  descend  to  the  bed.  We  are  not, 
however,  dependent  upon  this  experi- 
ment for  establishing  the  fact.  Any  one, 
by  observing  a  stream  of  say  5  or  6  feet 
or  more  in  depth,  can  see  that  the  sur- 
face appears  to  boil.  This  is  caused  by 
the  ascent  of  bodies  of  water  rising  from 
some  depth  to  the  surface,  and  there 
spreading  out  upon  the  surrounding  wa- 
ter. It  thus  appears  that  the  particles, 
instead  of  moving  among  each  other  like 
filaments,  go  in  bodies  like  streams  of  a 
few  inches — or  sometimes  of  a  few  feet 
— in  diameter  moving  through  the  main 
body  of  the  water.  Or,  possibly,  these 
bodies  are  more  like  spheres,  or  other 
inclosed  masses  of  water,  passing  from 
tfye  bed  of  the  stream  to  the  surface, 
where  they  spread  out,  and  afterwards 
form  new  combinations. 

The  motion  here  referred  to  is  mostly 
in  a  vertical  plane,  but  similar  causes 
produce  lateral  movements.  Every  body 
projecting  from  the  shore  into  the  stream 
deflects  the  water,  causing  a  wave-like 
motion  extending  from  the  shore  to,  or 
past,  the  middle  of  the  stream.  The  re- 
tarding  influence   of   the   sides   of  the 


stream  will  cause  a  lateral  action,  just  as 
the  resistance  of  the  bed  of  the  stream 
causes  a  vertical  action ;  and  as  the  wa- 
ter along  the  shore  goes  more  or  less 
gradually  towards  the  centre,  it  follows 
that  the  water  along  the  centre  must 
move  laterally  outward  to  supply  the 
place  of  that  which  leaves  the  shore.  It 
is  hardly  necessary  to  note  the  fact  that 
the  lateral  movement  is  not  in  a  plane, 
nor  that  its  intensity  is  small  compared 
with  the  vertical  action,  although  it  is  an 
element  not  to  be  entirely  ignored  in 
considering  the  general  problem.  Since 
both  the  vertical  and  lateral  actions  are 
induced  by  the  forward  movement  of  the 
water  in  the  stream,  we  might  expect 
that  there  would  be  a  greater  accumu- 
lation of  water  where  the  velocity  is 
greatest ;  and  such  is  known  to  be  the 
case;  the  water  being  highest  at  that 
point  in  the  transverse  seetion  when 
the  velocity  is  greatest.  The  cause  of 
this  elevation  is  not  due  to  the  lateral 
and  vertical  actions,  but  rather  to  the  fact 
that  the  lateral  pressure  of  a  fluid  dimin- 
ishes as  its  velocity  increases. 

It  is  highly  probable  that  the  vertical 
movements  originate  at  the  bed  of  the 
stream,  for  any  irregularities,  such  as 
small  asperities  due  to  a  sandy  or  grav- 
elly bed,  or  sticks  or  weeds,  or  changes 
in  the  slope  of  the  bed,  will  cause  the 
water  either  to  ascend  or  descend.  Since 
the  density  of  the  water  is  uniform 
throughout,  it  will,  when  once  deflected 
upward  in  its  course,  continue  to  rise  un- 
til it  reaches  the  surface  unless  arrested 
by  the  downward  movement  of  other 
bodies  of  water.  We  have  reason  to  be- 
lieve that  this  action  is  continually  going 
on  even  where  its  presence  is  not  easily 
detected  by  direct  observation.  It  must, 
however,  be  kept  in  mind  that  these  ver- 
tical and  lateral  movements  are  only  sec- 
ondary to  the  longitudinal  one,  and 
hence  enter,  not  as  a  principal,  but  as  a 
modifying  cause.  Granting  these  pre- 
mises, it  follows  that  the  apparent,  or 
measured,  velocity  at  any  point  of  a 
stream  of  water  is  the  resultant  of  the 
volocities  of  many  particles,  and  is  not 
necessarily  the  actual  velocity  of  any  of 
them — some  particles  moving  laterally 
in  reference  to  the  measuring  apparatus, 
some  slower  and  some  faster  than  the 
measured  velocity. 

As  any  body  of  water  is   rising  verti- 
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oally  in  the  stream,  its  motion  is  retard- 
ed by  gravity,  and  as  it  starts  with  a 
slow  velocity  at  the  bed  it  acts  upon  all 
the  water  through  which  it  passes,  tend- 
ing to  retard  the  velocity  of  the  stream. 
while  the  stream  by  acting'  upon  this 
mass  tends  to  impart  to  it  the  same  velo- 
city as  the  stream.  There  is  a  tendency 
towards  a  common  velocity  between  the 
stream  and  rising  mass,  but  observation 
shows,  as  cited  above,  that,  in  many 
cases,  the  motion  of  each  is,  in  a  measure, 
distinct  from  the  other.  Such  is  parti- 
cularly the  case  where  the  surface  has  the 
appearance  of  boiling.  I  do  not  now 
see  how  the  ascending  mass  can  account 
for  the  maximum  velocity  being  below 
the  surface.  But  the  descending  mass 
will  have  its  motion  accelerated  by  the 
action  of  gravity,  as  if  there  were  no  re- 
sistance, this  acceleration  would  go  on 
till  the  mass  reached  the  bottom,  like 
the  motion  of  a  projectile  in  a  vacuum. 
But  as  the  mass  descends  it  comes  in  con- 
tact with  water  which  is  moving  slower 
than  itself,  and  hence  its  velocity  will  be 
retarded.  But  we  notice  particularly 
that  for  a  certain  fraction  of  the  depth 
the  velocity  might — were  there  no  ver- 
tical action — be  nearly  uniform,  hence 
when  the  descending  mass  passes  through 
it  with  a  tendency  to  acceleration  it  will 
at  first  impart  to  the  surrounding  water 
an  increased  velocity,  and  this  increase 
may  be  sufficient  in  many  cases  to  cause 
the  velocity  below  the  surface  to  actu- 
ally exceed  the  velocity  at  the  surface. 
We  cannot,  however,  at  this  stage  of  the 
theory,  assert  that  this  is  the  only,  or 
even  that  it  is  the  chief  cause  of  surface 
diminution  of  velocity.  It  is  possible 
that  the  lateral  surface  movement,  caused 
by  the  action  of  the  sides  of  the  stream, 
as  previously  stated,  is  quite  as  import- 
ant an  element  as  the  preceding. 

Having  indicated  that  the  lateral  and 
vertical  movements  may  account  for  the 
point  of  maximum  velocity  being  below 
the  surface,  we  will  suggest  that  a  more 
critical  study  of  the  results  of  experi- 
ment and  observation  may  confirm  or 
modify  this  view.  Thus,  in  a  rapid,  deep 
stream  we  would  expect  the  point  of 
maximum  velocity  to  be  deeper  when  the 
bed  is  rough  and  rocky  than  when  it  is 
smooth  and  regular.  A  study  also  of 
streams  of  different  widths,  but  of  the 
same  depth  and  general  character  of  bed, 


would  enable  us  to  judge  more  accurate- 
ly of  the  effect  of  lateral  movements. 

These  views  also  enable  us  to  explain 
certain  other  phenomena.  For  instance, 
it  has  long  been  known  that  a  boat  of 
considerable  dimensions  will  float  down 
a  stream  more  rapidly  than  the  surface 
water.  That  this  is  the  fact  is  known  by 
observing  that  the  boat  floats  faster  than 
chips  and  small  pieces  of  boards  in  the 
immediate  vicinity  of  the  boat.  The  lat- 
ter objects  being  small  will  be  resisted 
I  more  in  proportion  to  their  weight  than 
larger  ones,  and  hence  will  move  with 
I  nearly  the  same  velocity  as  the  water  in 
which  they  float.  Some  have  attempted 
to  explain  the  comparatively  rapid  mo- 
tion of  the  boat  from  the  fact  that  it  ex- 
tends downward  into  the  more  rapidly 
moving  elements ;  but  this  explanation 
does  not  apppear  to  be  sufficient,  for  the 
velocity  of  the  boat,  in  some  cases  at 
least,  exceeds  the  maximum  flow  of  the 
water.  We  submit  the  following  expla- 
nation: The  boat,  in  floating  down 
stream,  is  partly  in  the  condition  of  a 
body  moving  down  an  inclined  plain, 
and,  as  such,  may  be  considered  as  hav- 
ing a  velocity  independent  of  the  stream. 
If  we  could  conceive  of  the  water  in  a 
stream  having  no  velocity  and  offering 
no  resistance  (or  only  a  very  slight  re- 
sistance) to  the  movement  of  the  boat, 
the  boat(  would  (or  at  least  might)  slide 
down  the  plain.  But  in  the  actual  case, 
the  water  does  move,  although  it  does 
not,  as  we  have  seen,  go  directly  down 
stream.  The  boat  slides,  (so  to  speak) 
down  stream,  but  the  particles  of  water 
pass  from  the  bed  to  the  surface,  and  from 
the  latter  to  the  former;  also  from  the 
side  to  centre,  and  from  the  centre  out- 
ward, so  that  while  the  boat  is  taking  a 
direct  line  dowm  stream  the  water  on 
which  it  is  gliding  is  wandering  about, 
taking  comparatively  long  journeys. 

We  see  from  this  that  the  laminar  the- 
ory (so  to  speak)  in  which  it  is  assumed 
that  layers  next  to  the  bed  of  the  stream 
remain  in  contact  with  it,  and  that  the 
successive  laminae  retain  their  relative 
positions  is  no  longer  tenable.  Also 
that  the  supposed  frictional  resistances 
between  consecutive  surfaces  will  not 
account  for  all  the  varying  velocities. 
Also  that  these  lateral  and  vertical  move- 
ments have  an  important  bearing  upon 
the  phenomenon  of  "back  water."     Also 
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that  much   of  the   so-called   "  frictional !  hesion  between  the  particles,  may  be  ex- 
resistances,"  or  resistance  due  to  the  ad-  plained  by  these  movements. 


WOEKS  OF  SEWERAGE  AND  SEWAGE  DISPOSAL. 

By  BAT  DWIN  LATHAM,  C.  E.,  M.  Inst.  C.  E. 
From  "  Journal  of  the  Society  of  Arts." 


For  some  years  past  the  Croydon 
Kural  Sanitary  Authority  have  had  for- 
cibly brought  to  their  attention,  the 
necessity  for  a  complete  system  of  sew- 
erage and  sewage  disposal  for  Bedding- 
ton,  Merton,  Merton  Eush,  Mitcham, 
Morden,  and  Wallington,  being  parishes 
or  places  under  their  jurisdiction  for 
sanitary  purposes. 

The  aggregate  area  comprised  within 
these  districts  is  10,106  acres,  or  nearly 
sixteen  square  miles.  The  population 
at  the  present  time  is  about  16,000,  but 
it  is  very  rapidly  increasing,  and  since 
1851  has  more  than  doubled.  Several 
centers  of  population. are  located  in  the 
drainage  area,  but  at  considerable  dis- 
tances apart. 

Geologically,  the  district  embraces  the 
various  formations  found  in  the  neigh- 
borhood of  London,  and  lying  over  the 
chalk,  which  is  the  lowest  geological 
formation  in  this  district,  and  finishing 
with  an  alluvium  overlying  the  London 
clay. 

Naturally,  the  district  drains  to  the 
Beverley  Brook  and  the  Kiver  Wandle, 
both  of  which  streams  flow  in  a  northerly 
direction,  and  ultimately  fall  into  the 
River  Thames  within  the  metropolis. 
The  natural  falls  of  the  district  are 
towards  the  metropolis,  and  as  the  dis- 
trict in  question  is  contiguous  thereto,  it 
was  a  matter  of  some  difficulty  to  pro- 
vide an  economical  and  sufficient  scheme 
for  effectually  treating  the  sewage  when 
a  system  of  sewerage  came  to  be  carried 
out.  It  was  considered  that  the  cost  in 
lifting  the  sewage,  and  carrying  it  a  con- 
siderable distance  in  such  a  district,  was 
quite  out  of  the  question,  but  ultimately 
a  scheme  was  adopted,  and  is  now  in 
course  of  rapid  execution,  by  which 
sixth-sevenths  of  the  whole  of  the 
sewage  of  the  combined  districts  will  be 
conveyed  by  direct  gravitation  to  land 
located  partly  in  the  parish  of  Wimble- 


don, outside  the  jurisdiction  of  the 
Croydon  Rural  Sanitary  Authority,  and 
partly  in  the  parish  of  Mitcham,  within 
the  jurisdiction  of  the  Rural  Sanitary 
Authority. 

An  area  of  38  acres  of  land  has  been 
purchased,  by  agreement,  for  which  a 
sum  of  £11,700  was  paid.  Thirty  acres 
of  this  land  is  an  alluvial  deposit,  prin- 
cipally gravel,  through  the  center  of 
which  formerly  ran  the  old  channel  of 
the  river  Wandle,  the  remaining  eight 
acres  being  stiff  brick  earth.  In  order 
to  convey  the  sewage  of  the  district  to 
the  proposed  area,  36  miles  of  sewers  are 
required  to  be  constructed.  Of  these  36 
miles  of  sewers,  29J  miles  are  ordinary 
socket  pipes,  jointed  with  tarred  gasket 
and  Portland  cement,  varying  in  size 
from  nine  inches  to  18  inches  in  diame- 
ter, and  five  miles  of  earththenware 
pipes  with  Stanford's  patent  joint.  The 
latter  also  vary  in  size  from  nine  inches  to 
18  inches  in  diameter.  There  will  also 
be  If  miles  of  brick  sewers,  24  inches, 
27  inches,  and  four  feet  in  diameter. 
The  four  feet  sewer  is  to  be  used  as  a 
tank  sewer  in  connection  with  that  por- 
tion of  the  district,  the  sewage  of  which 
will  not  flow  by  direct  gravitation  on  to 
the  land,  and  it  is  made  of  the  size  in 
question  in  order  to  hold  the  sewage 
during  the  night,  or  at  any  period  when 
the  engines  may  require  to  be  stopped. 
The  sewage  of  one-seventh  of  the  whole 
district,  will  require  to  be  pumped  to 
a  height  .of  25  feet,  including  friction. 
It  will  then  pass  with  the  sewage  from 
the  gravitation  area  through  a  series  of 
tanks,  in  which  the  solids  will  be  depos- 
ited, and  the  liquid  will  then  flow  on  to 
the  area  of  land  laid  out  for  filtration. 
The  land  which  is  now  being  prepared 
for  filtration  is  an  alluvial  bed  30  acres 
in  extent,  but  as  this  land  is  entirely  sur- 
rounded by  rivers  and  streams,  and  is 
extremely  porous,  in  order  to  fit  it  for 
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sewage  purposes,  it  was  deemed  advisa- 
ble to  form  all  round  it  a  puddle  wall, 
which  is  carried  through  the  alluvial  bed 
of  gravel  and  porous  soil  into  the  Lon- 
don clay  lying  below,  and  thus  shut  out 
the  adjoining  waters  which  have  hitherto 
percolated  into  the  land  and  made  it  a 
swamp.  A  main  arterial  drain  is  carried 
through  the  center  of  the  land,  and  sub- 
sidiary drains  will  be  made,  by  which  the 
whole  area  within  the  puddle  walls  will 
be  made  the  freest  possible  filter  for 
purifying  the  sewage  which  is  to  be 
brought  upon  it. 

The  tanks  for  freeing  the  sewage  from 
the  solids  are  so  arranged  that  chemicals 
may  be  used  for  producing  precipitation 
before  the  application  of  the  sewage  to 
the  land.  It  is  not,  however,  contem- 
plated to  use  chemicals  directly  to  the 
sewage.  Owing  to  the  position  of  the 
works  with  reference  to  the  contiguous 
population,  and  having  regard  to  the 
desirability  of  preventing  the  slightest 
mvisance,  the  tanks  for  treating  the 
sewage  are  placed  under  cover,  and  the 
solids  or  sludge,  which  will  be  removed 
by  subsidence  from  the  sewer,  will  at 
once  be  consolidated.  For  this  purpose 
the  sludge  will  be  received  in  a  lower 
tank  than  the  filter  tanks,  where  it  will  be 
treated  with  lime,  so  as  to  destroy  its 
adhesive  properties,  and  then  be  forced 
through  filter  presses,  so  as  to  consoli- 
date it  ready  for  immediate  removal. 

Experiments  have  been  made  with 
reference  to  the  purifying  properties  of 
the  area  selected  for  filtration.  Some 
portions  of  the  soil  of  this  area,  in  its 
natural  state,  are  not  so  efficient  as 
might  be  desired,  when  compared  with 
other  lands  well  known  to  be  suitable  for 
the  nitration  of  sewage.  There  is  no 
better  way  of  testing  land  as  to  its  fit- 
ness for  sewage  filtration  than  by  ascer- 
taining the  percentage  of  water,  by 
weight,  it  is  capable  of  temporarily 
holding  without  loss.  The  most  unfit 
parts  of  the  area  at  Mitcham  have  been 
tested  with  the  following  results  : 

Percent,  of 
water  a  sorbed. 

No.  1  Sample,  Yellow  clay 53 . 3 

"    2        "       Loam,  sandy....  50.2 

"    3        "       Peat 120.0 

"    4        "       Loam 62.0 

"    5        "       Loamy  soil 60.0 

If   the   above   samples   are   compared 


with  the  characteristics  of  well-known 
lands  adapted  for  the  purification  of 
sewage,  it  will  be  seen  that  they  are 
greatly  inferior  to  some  of  the  following  : 

Per  cent,  of 
water  absorbed. 

Surface  soil  of   the    Merthyr    filters  at 

Trcedyrhiw 39.82 

Subsoil,  do.,  do 45.77 

Another  sample  of  subsoil 37.48 

Additional  land  at  Merthyr  for  the  re- 
ception of  the  sewage  of  Aberdare — 

surface 49 .  05 

Ditto,  immediately  below  surface 41 .  35 

Ditto,  subsoil  . . .'. 13.07 

Beddington  sewage  farm— surface 50.0 

Norwood  sewage  farm— surface 59.0 

Ditto,  subsoil 41 . 0 

Dursley  soil  (  well-known  for  its  purify- 
ing powers  V 34 . 0 

Chorlton  Ees,  near  Manchester — surface.  56 .  71 
Same  soil  after  being  burnt  into  ballast..  36.55 

The  porosity  of  soil,  or  the  power  to 
allow  water  to  pass  by  filtration,  is  in- 
versely in  proportion  to  its  capacity  for 
retaining  water.  With  rocks,  however, 
it  is  the  reverse,  the  smaller  the  per- 
centage of  water  rocks  will  contain,  the 
more  dense  and  impenetrable  they  are 
to  water.  Clay  soils,  when  burnt  into 
ballast,  differ  in  their  physical  properties 
very  little  from  the  Dursley  soil,  which 
was  experimented  upon  by  the  Rivers 
Pollution  Commissioners  with  such  satis- 
factory results ;  and  the  experience  of 
late  years  lias  shown  that  this  material, 
when  used  as  a  filter,  is  well  adapted  for 
the  purpose  of  purifying  sewage ;  and  so 
in  districts  where  clay  soil  only  is  to  be 
found,  this  material  may  be  made  into 
artificial  filters,  which  will  have  a  greater 
purifying  power  than  is  the  case  with 
almost  any  natural  soil,  perhaps  with  the 
exception  of  Dursley  soil,  which  in  its 
color  and  characteristics,  is  not  unlike 
burnt  clay. 

The  eight  acres  of  clay  land  that  have 
been  acquired  by  the  Croydon  Rural 
Sanitary  Authority,  when  made  into  arti- 
ficial filters,  can  be  made  to  effectually 
purify  the  sewage  of  about  twenty 
thousand  people.  The  unfavorable  posi- 
tion which  peat  occupies  in  reference  to 
its  retention  of  water  is  confirmatory  of 
the  experiments  of  the  Rivers  Pollution 
Commissioners,  who  showed  that  it  was 
about  the  worst  material  that  could  be 
selected  for  a  filter,  and  in  the  case  of 
the  Croydon  Rural  Sanitary  Authority's 
works,    will   require   to   be   entirely   re- 
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moved,    and    a    more   efficient   material 
substituted. 

The  total  cost  of  the  Croydon  Rural 
Sanitary  Authority's -works  is  estimated 
at  £96,000.  This  amount,  however,  will 
no  doubt  be  exceeded,  as  there  are  many 
new  streets  now  being  formed  in  the  dis- 
trict, all  of  which  it  will  be  necessary  to 
sewer.  The  cost  to  the  present  rate- 
payers of  the  district  will  be  entirely 
covered  by  a  rate  of  15d.  in  the  £,  which 
includes  the  working  expenses  and  the 
repayment  of  the  principal  and  interest. 
No  allowance  is  made  for  any  returns 
from  the  land  to  which  the  sewage  will 
be  applied,  and  the  rate  includes  the  in- 
terest and  repayment  of  the  principal  for 
the  purchase  of  the  land.  There  will, 
however,  be  a  considerable  return  from 
the  land,  which  cannot,  in  this  neighbor- 
hood, so  near  to  the  metropolis,  be  put 
down  under  from  £15  to  £20  per  acre  as 
the  value  of  the  crops,  which  would  not 
be  all  profit,  as  the  cost  of  cultivation 
must  be  deducted ;  but  even  if  the  cost 
of  cultivation  equaled  the  value  of  the 
crops,  it  is  true  economy  to  utilize  the 


sewage,  when  compared  with  the  system 
adopted  in  the  metropolis,  and  now  ex- 
tending to  other  places  adjacent,  of  re- 
moving the  nuisance  from  one  spot  to 
another  lower  down  the  same  river.  As 
the  district  of  the  Croydon  Rural  Sani- 
tary Authority  is  fast  increasing,  both  in 
population  and  rateable  value,  there  is 
every  reasonable  probability  of  the  rate 
being  lessened.  If  the  cost  of  these 
works  is  compared  with  the  cost  which 
has  been  incurred  in  adjoining  districts, 
in  which  the  sewage  is  disposed  of  by 
being  collected  into  arterial  drains,  and 
then  thrown  into  the  Thames,  it  will  be 
seen  that  the  whole  system  of  sewerage, 
with  its  works  for  purifying  the  sewage, 
will  cost  the  ratepayers  of  the  district 
but  a  tithe  of  the  amount  the  ratepayers 
of  adjoining  districts  have  to  pay  for 
simply  constructing  the  outfall  sewer 
only.  This  is  a  strong  example  of  the 
economy  of  locally  treating  and  purify- 
ing sewage,  rather  than  shifting  a  nui- 
sance, at  great  cost,  from  one  point  to 
another,  from  which  some  day  it  will 
have  to  be  removed  at  still  greater  cost. 


THE  HEAT  EMITTED  FROM  THE  HUMAN  BODY  AS  AN  ELE- 
MENT TO  BE  REGARDED  IN  ARRANGING  THE  VENTI- 
LATION AND  WARMING  OF  BUILDINGS. 


From  "  The  Builder." 


A  question  of  primary  importance  to 
the  architect,  and  especially  to  the  archi- 
tect who  is  entrusted  with  the  designs 
for  any  important  public  building,  is  that 
of  the  heating  power  of  the  inmates  and 
occupants  of  such  buildings  ;  that  is  to 
say,  of  the  amount  of  heat  which,  under 
ordinary  circumstances,  escapes  from  the 
average  individual  during  any  given 
period  of  time.  It  is  obvious  that  no 
arrangements  for  either  the  ventilation 
or  the  warming  of  an  important  building 
can  be  even  theoretically  perfect  in  the 
absence  of  clear  knowledge  on  this  point. 

A  pound  of  coal  of  an  average  quality 
will  give  out,  in  the  process  of  combustion, 
rather  more  than  14,000  British  units  of 
heat,  each  such  unit  being  the  amount  of 
heat  necessary  to  raise  the  temperature 
of  one  pound  of  water  1°  Fahrenheit  of 


heat.  To  effect  this  combustion,  140 
cubic  feet  of  atmospheric  air,  weighing 
11  lbs.,  will  be  required,  and  the  tempera- 
ture of  this  quantity  of  air,  if  it  were 
kept  free  from  any  disturbing  or  cooling 
influences,  would  be  raised  as  much  as 
310°  Fahr.  by  the  combustion,  or  say 
from  62°  to  372°  Fahr.  Of  course,  it 
never  occurs  that  the  exact  quantity  of 
air  is  thus  applied  ;  but  a  basis  of  com- 
parison is  thus  obtained. 

The  heat  liberated  by  the  respiration 
of  an  average  human  being  in  twenty- 
four  hours  will  be  found  to  be  very 
nearly  equivalent  to  that  which  is  liber- 
ated by  the  combustion  of  a  pound  of 
coal.  350  cubic  feet  of  atmospheric  air 
are  stated  by  Professor  Huxley  to  be  the 
quantity  that  passes  through  the  lungs 
of  an  ordinary  individual  in  twenty-four 
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hours.  This  quantity,  however,  is  inde- 
pendent of  the  unmeasured,  though  very 

important,  amount  of  respiration  that 
takes  place  through  the  skin.  Mr.  Bai- 
ley Denton  calculates  that  an  assemblage 
of  -,000  persons  will,  in  two  hours,  give 

off  as  much  carbon  as  is  contained  in  a 
hundred-weight  of  coals,  in  addition  to 
17  gallons  of  water  in  the  form  of  vapor. 
If  the  quantity  of  carbon  here  estimated 
as  consumed  in  the  process  of  respira- 
tion be  compared  with  the  prescribed 
amount  of  10  ounces  required  by  the 
military  dietaries  (especially  when  we  re- 
member that  this  combustion  goes  on 
more  slowly  during  sleep  than  in  the 
course  of  the  day),  it  will  be  seen  that 
Mr.  Denton's  estimate  does  not  err  on 
the  side  of  excess.  Thus  we  obtain 
rather  more  than  7,000  units  of  heat  as 
due  to  the  pulmonary  consumption  of 
carbon  in  twenty-four  hours,  or  to  the 
aeration  of  the  arterial  blood  which  takes 
place  in  the  lungs. 

As  to  the  heat  which  has  been  pro- 
duced in  the  chemical  action  indicated 
by  the  escape  of  watery  vapor  in  the 
breath  or  from  the  skin,  the  calculation 
is  more  doubtful,  owing  to  the  fact  that 
we  are  not  aware  of  the  form  in  which 
the  elements  of  this  vapor  were  taken 
into  the  animal  system.  Thus  they 
might  have  entered  as  water,  or  again  as 
elements  of  those  hydro-carbons  which 
we  are  in  the  habit  of  consuming,  such 
as  fat  or  as  alcohol.  The  formation  of 
some  thirteen  ounces  of  water  from  its 
constituent  elements,  oxygen  and  hydro- 
gen, would,  of  course,  produce  an 
amount  of  heat  greater  than  that  which 
would  be  occasioned  by  the  mere  passage 
of  an  equal  quantity  of  water  through 
the  system.  In  the  former  case  some 
5,700  units  of  heat  would  be  produced. 
Taking  into  account  the  unmeasured  de- 
gree of  heat  produced  by  the  dermal 
respiration,  it  will  thus  be  seen  that  the 
equivalent  of  a  pound  of  coal  is  as  close 
to  a  measure  of  the  heating  power  of  a 
man,  in  twenty-four  hours,  as  can  be  at 
present  pointed  out.  That  is  to  say,  that 
twenty-four  persons  in  one  hour  would 
liberate  an  amount  of  heat  equal  to  that 
which  would  be  produced  by  the  con- 
sumption of  a  pound  of  coal  in  that 
time. 

Taking  this  convenient  unit,  it  be- 
comes possible  to  calculate  with  consid- 


erable exactitude  the  allowance  that 
should  be  made  in  the  construction  and 
ventilation  of  ball  -  rooms,  assembly- 
rooms,  churches,  and  other  public  build- 
ings, for  the  heating  of  the  air  by  the 
natural  warmth  of  the  persons  whom  it 
is  proposed  to  accommodate.  We  shall 
also  be  able  to  speak  with  considerable 
exactitude  as  to  the  difference  of  temper- 
ature that  arises  in  small  unventilated 
;  bed-rooms,  and  as  to  the  practical  cause 
J  of  that  horror  of  ventilation  which  we 
find  so  general  amoug  our  cottage  popu- 
lation. 

We  have  before  seen  that  the  quantity 
!  of  atmospheric  air  required  for  the  com- 
bustion of  a  pound  of  coal  is  140  cubic 
!  feet,    while  that  which  passes   through 
the  human  lungs  in  twenty-four  hours  is 
more  than   double  that  quantity,  being 
350.    cubic   feet ;    the   former    quantity 
I  weighing,  in  round  numbers,  11  lbs.,  the 
I  latter  27  lbs.   The  heat  liberated  we  have 
taken  roundly  at  14,000  British  thermal 
units.      The   coefficient   of  the   specific 
heat  of  air  is  given  by  Mr.  D.  K.  Clark, 
in  his  valuable   "Manual"   (p.  385),  as 
0.2377.     These  figures  will  be  found  to 
indicate  an  elevation  of  the  temperature 
of  350  cubic  feet  of  air  by  88°  Fahren- 
heit as  the  result  of  the  entire  combus- 
j  tion  ;  and  if  this  were  regularly  carried 
:  on  for  twenty-four  hours,  and  if  no  heat 
I  were  lost  by  radiation,   conduction,    or 
i  any  other  means,  the  temperature  of  that 
|  volume  of  air  would  steadily  rise  by  3.66° 
J  Fahrenheit  per  hour.     If  now  we  ascer- 
tain the  degree  of  dilution  which  the  size 
and  the  ventilation   of  the   apartments 
allow  to  the  expired  air,  we  shall   find 
the  bases  of  our  problem  to  be  laid  down. 
But  we  purposely  avoid  any  attempt  at 
exactitude  ;  and  we  recommend  those  of 
our  friends  who  make  use  of  our  units  to 
form  their   own   calculations.     The   ap- 
proximate amount  of  14,000  British  units 
of  heat  may,  we  assume,  be  safely  taken. 
The  specific  heat  of  atmospheric  air  is  a 
figure  easily  to  be  verified.     The  volume 
of  air  through  which  the  heat  has  to  be 
distributed  each  investigator  may  calcu- 
late for  himself. 

We  thus  find  that  if  we  allow  a  sleep- 
ing apartment  of  the  cubical  contents  of 
1,000  cubic  feet  for  two  inmates,  and 
suppose  that  there  is  absolutely  no  ven- 
tilation, in  eight  hours  9,333  British 
units  of  heat  will  have  been  emitted,  and 
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will  have  gone  to  raise  the  temperature 
of  a  fraction  over  80  lbs.  of  air.  It  will 
be  seen  at  once  that  the  resulting  heat 
would  be  intolerable.  Practically  such 
a  condition  never  occurs,  because  rooms 
are  never  really  air-tight,  and  as  the  in- 
ternal temperature  rises,  the  escape  of 
the  heated  air,  and  its  replacement  by 
the  external  atmosphere,  becomes  more 
and  more  active.  But  it  will  be  seen 
how  powerful  a  calorific  agent  is  at  work. 
And  it  will  readily  be  understood  how 
the  desire  for  warmth,  which  is  one  of 
the  most  unfailing  instincts  of  higher 
animal  life,  including  that  of  man,  nat- 
urally overpowers  those  sanitary  condi- 
tions which  appeal  rather  to  the  intelli- 
gence than  to  the  feelings. 

For  the  mighty  influence  of  use  and  of 
habit  must  be  borne  in  mind.  We  may 
take  a  case  that  is  directly  in  point. 
Suppose  a  church  to  hold  500  persons, 
and  that  during  a  given  service  the  doors 
have  been  shut,  and  the  ventilation  has 
been  left  to  take  care  of  itself.  The  ef- 
fect on  the  temperature  of  the  church, 
supposing  the  service"  to  last  an  hour 
and  a  half,  will  have  been  equal  to  that 
produced  by  the  combustion  of  rather 
more  than  30  lbs.  of  coal  within  the  build- 
ing, no  chimney  being  supposed  to  carry 
off  any  of  the  heat  or  carbonic  acid  gas 
generated.  The  actual  rise  of  tempera- 
ture will  depend  on  the  two  elements  of 
the  cubical  contents  of  the  church  and 
the  activity  of  ventilation.  The  latter,  it 
is  true,  may  be  so  managed  as  properly 
to  control  both  the  vitiation  and  the 
heating  of  the  air.  But  we  are  supposing 
the  ventilation  to  be  imperfect.  To  the 
persons  within  the  church  the  inconven- 
ience occasioned  by  the  deterioration  of 
the  air  they  breathe  will  be  very  gradual, 
and  will  probably  go  on  increasing  for  a 
considerable  time,  before  any  but  those 
of  them  who  are  most  delicately  organ- 
ized perceive  it.  When  they  quit  the 
building  the  congregation  at  once  be- 
come sensible  of  a  difference  in  the  ex- 
ternal air  as  compared  with  that  they 
are  leaving.  But  the  place  must  have 
been  over-crowded  or  under-ventilated  to 
a  considerable  extent  if  they  become 
conscious  of  the  fact  before  quitting  their 
seats.  If,  on  the  other  hand,  we  now 
suppose  a  fresh  congregation  to  enter, 
as  the  first  goes  out,  the  degree  of  heat- 
ing and    of    vitiation,   which     had     so 


gradually  been  attained  as  to  be  almost 
imperceptible  to  the  persons  who  caused 
it,  will  strike  powerfully  on  the  senses  of 
the  incomers.  This  is  an  experience 
which  is  common  to  almost  every  one. 
But  it  is  not  so  corhmon  for  persons  to 
draw  from  it  the  true  lesson.  It  is  one 
to  be  worked  out  in  numbers  of  attend- 
ants, cubic  feet  of  building,  degrees  of 
the  thermometer,  and  volume  of  ventila- 
ting movement.  As  such  we  commend 
it  to  the  very  careful  attention  of  the 
architect. 

If  we  now  regard  the  mode  in  which 
the  air,  when  thus  heated  by  the  caloric 
liberated  from  the  inmates  of  a  building, 
tends  to  find  its  own  thermometrical 
lever,  we  shall  be  at  once  struck  with  the 
powerful  agency  that  is  at  the  disposal 
of  the  scientific  builder. 

The  pressure  at  which  it  is  usually 
calculated  that  gas  for  illuminative  pur- 
poses should  issue  from  the  burner  is 
stated  to  be  that  of  half  an  inch  of  water. 
With  this  pressure  the  issue  of  the  jet 
has  a  considerable  degree  of  violence,  as 
is  more  particularly  to  be  noted  in  the 
case  of  fish-tail  burners,  where  the  spread 
of  the  flame  is  due  to  the  pressure,  and 
thus  to  the  velocity,  at  which  the  gas  is- 
sues from  the  orifice  of  the  burner.  Now 
a  difference  in  pressure  of  more  than 
half  an  inch  of  water  exists  between  two 
atmospheric  strata  that  are  50  ft.  apart 
in  vertical  distance.  If  we  consult  any 
barometric  table  constructed  for  hypso- 
metric pui^oses  (that  is  to  say,  for  indi- 
cating level  above  the  sea  by  the  reading 
of  the  barometer),  we  shall  find  that  a 
fall  of  1  in.  of  mercury  roughly  indicates 
a  rise  of  some  900  ft.  in  altitude.  We 
say  roughly,  not  from  absence  of  exact 
figures  in  the  tables,  but  from  the  fact 
that  there  are  two  distinct  causes  of  varia- 
tion,, one  of  which  is  easy  to  calculate, 
while  the  other  is  less  reducible  to  rule. 
At  the  same  spot,  as  is  well,  known,  the 
reading  of  the  barometer  varies  from 
time  to  time.  This  variation  constitutes 
the  uncertain  element.  But  taking  the 
barometer  to  be  steady,  the  difference  in 
level  indicated  by  a  difference  between 
two  simultaneous  readings  occurs  in  a 
ratio  dependent  on  the  absolute  level  of 
those  readings ;  that  is  to  say,,  on  the 
height  of  the  stations  above  the  sea. 
Thus  the  difference  between  the  readings 
of  29  in.  and  30  in.  is  tabulated  at  883  ft. 
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But  that  between  29  in.  and  28  in.  is 
equal  to  914  ft.,  and  the  fall  from  28  in. 
to  27  in.  of  mercury  gives  a  difference  in 
level  of  938  ft.  Thus  we  have  to  regard 
both  the  ordinary  local  reading  and  the 
variable  daily  reading  of  the  barometer 
with  much  care  when  we  come  to  calcu- 
lations as  to  levels. 

Taking,  however,  the  first  tabular  in- 
dication which  we  have  cited,  that  of  1 
in.  of  mercury  indicating  a  rise  or  fall  of 
883  ft.  in  level,  it  will  be  found  more 
convenient  to  reduce  the  vertical  meas- 
urement to  round  numbers.  On  so  do- 
ing, we  find  that  a  difference  in  level  of 
100  ft.  will  give  a  difference  of  0.113  in. 
in  the  height  of  the  mercurial  column,  or 
a  difference  of  1.260  in.  in  the  column  of 
a  water  barometer ;  so  that  50  ft.  differ- 
ence of  level  may  very  well  be  taken,  on 
an  average,  as  equal  to  half  an  inch  of 
barometric  pressure  measured  by  a  col- 
umn of  water, — the  relation  of  the  1.260 
in.  per  100  ft.  varying  as  we  approach 
the  top  or  the  bottom  of  the  vertical  dis- 
tance. 

Thus,  the  architect  who  intends  to 
make  arrangements  for  the  ventilation  of 
a  large  building, — whether  he  construct 
a  shaft  for  that  purpose,  or  whether,  as 
in  some  of  the  noble  common  rooms  at 
Oxford  (we  can  take  the  dining-room  of 
New  College — if  memory  serves  aright — 
for  an  example),  the  lower  boards  of  a 
coved  wooden  ceiling  are  pierced,  and 
the  heated  air,  escaping  through  them, 
finds  its  way  between  the  outer  roof  and 
the  inner  ceiling,  to  a  louvred  lantern, — 
has,  in  the  first  instance,  this  power  of 
barometric  pressure  to  aid  him.  That 
is 'to  say,  that  in  a  building  50  ft.  high 
there  will  be  a  less  resistance  to  the  issue 
of  a  column  of  air  from  an  aperture  at 
the  top  than  from  an  equal  aperture 
at  the  bottom  (other  things  being  alike), 
which  is  equal  to  that  of  a  column  of  half 
an  inch  of  water.  This  is  only  one  part 
of  the  power  at  the  command  of  the 
architect,  but  it  is  a  very  essential  one, 
and  one  which  it  is  highly  important 
that  he  should  be  able  accurately  to 
measure. 

The  other  element  of  power  at  his 
command  is  thermal.  Barometric  and 
thermic  action  may  be  made  either  to 
assist  or  to  counteract  one  another.  Too 
often  the  latter  is  the  case.  We  cannot 
too  much  insist  on  the  necessity  for  a 


perfect  understanding  on  the  part  of  the 
architect  of  the  laws  of  these  two  causes 
of  movement, — and  that  not  only  in  gen- 
eral principle,  but  in  numeric  exactitude. 
We  are,  perhaps,  apt  to  regard  the  ef- 
forts of  scientific  men  to  place  useful 
knowledge  in  the  hands  of  those  who  re- 
quire it  as  dealing  too  much  with  what 
is  elementary.  But  two  things  are,  or 
may  be,  intended  by  that  word.  Ele- 
mentary knowledge,  to  be  real  knowl- 
edge, must  be  exact.  Exactitude  is  as 
requisite  in  the  A  B  C  of  science  as  it  is 
in  any  of  the  subsequent  processes.  But 
to  have  what  is  called  a  general  idea, — 
which  may  be  enough  to  allow  a  man  to 
talk  on  a  subject,  but  which  altogether 
fails  to  guide  him  when  questions  of 
number,  of  measure,  or  of  weight  have 
to  be  decided, — is  often  spoken  of  as  an 
elementary  acquaintance  with  a  subject. 
It  is,  in  point  of  fact,  an  elementary 
ignorance. 

Fifty  feet  of  elevation,  in  round  num- 
bers, we  have  seen  to  give  a  barometric 
force  equal  to  that  indicated  by  the 
pressure  of  a  column  of  half  an  inch  of 
water.  WTe  now  have  to  inquire  what 
unit  of  heat  may  be  taken  as  equivalent 
to,  or  as  comparable  with,  this  unit  of 
barometric  pressure.  If  more  exact 
numbers  are  preferred,  we  have  shown 
what  corrections  come  into  play  to  mod- 
ify the  rough  rule  of  an  inch  of  Water 
pressure  per  100  ft.  of  atmospheric  press - 
ure,  that  is  to  say,  of  vertical  height. 

The  volume,  density,  and  pressure  of 
air  at  various  temperatures  is  tabulated 
by  Mr.  D.  K.  Clark,  at  p.  351  of  his 
"  Manual  for  Mechanical  Engineers."  The 
density  or  weight  of  1  cubic  foot  of  at- 
mospheric air,  at  a  temperature  of  32,  is 
given  at  .080,728,  which  is  the  figure  of 
which  we  have  previously  made  use  ;  but 
the  corresponding  barometric  pressure  is 
stated  at  13.86  pounds  per  square  inch, 
so  that  to  bring  this  table  into  exact  ac- 
cordance with  that  from  which  we  have 
previously  quoted  the  relations  of  height 
to  barometrical  pressure,  the  former 
must  be  supposed  to  be  based  on  observ- 
ations made  at  the  height  of  about 
2,000  ft.  above  the  level  of  the  sea.  We 
call  attention  to  this  fact  as  illustrating 
the  manner  in  which  the  path  of  a  scien- 
tific writer  is  beset  by  difficulties,  and 
how  inaccuracy  may  arise  in  the  exact 
citation  of  the  best  authorities,  if  such 
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authorities  are  independent  of  one  an- 
other. A  pressure  of  30  in.  of  mercury, 
which  the  barometric  table  assumes  to 
be  normal  for  the  sea-level,  is  that  which, 
according  to  the  thermometric  table,  is 
equal  to  the  pressure  of  a  given  weight 
of  air  having  a  constant  volume  at  a  tem- 
perature of  73°  Fahrenheit.  We  shall 
not  occupy  our  space  with  a  reduction 
of  the  two  tables  to  the  same  terms,  but 
are  satisfied  with  calling  the  attention  of 
the  reader  to  this  slight  element  of  dis- 
crepancy. 

The  rise  of  temperature  from  62°  to 
70°  Fahrenheit,  according  to  Mr.  D.  K. 
Clark's  table,  is  equivalent  to  an  increase 
of  pressure  per  square  inch,  from  14.70 
to  14.92  lbs.  This  is  equal  to  .0275  lbs. 
per  square  inch  pressure,  per  degree  of 
Fahrenheit,  in  increment  or  decrement. 
Taking  the  rough  rule  that  a  foot  of 
water  is  equal  to  an  inch  of  mercury  in 
barometric  balance,  and  allowing  30  in. 
of  mercury  to  represent  15  lbs.  per  square 
inch  of  pressure  (which  will  be  found 
more  useful  than  any  more  elaborate 
formula),  we  find  the  increase  of  a  de- 
gree in  the  temperature  of  the  air  to  be 
equal  to  .055  in.  of  mercury,  or  to  .66  in. 
of  water,  as  barometric  pressure.  Thus 
allowing  for  the  escape  of  heat,  we  may 
take  the  Fahrenheit  degree  as  the  ap- 
proximate equivalent  of  the  half  an  inch 
of  water,  or  of  the  50  ft.  of  vertical  ele- 
vation. 

It  is  evident  from  these  figures  (of 
which  we  have  indicated  the  authorities 
with  the  express  intention  of  inducing 
our  readers  to  make  calculations  for 
themselves)  that  the  thermic  power  at 
the  disposal  of  the  architect  is  very  much 
more  readily  available  for  the  purposes 
of  ventilation  than  the  barometric  power. 
At  the  same  time,  the  essential  import- 
ance of  the  latter  is  not  easy  to  be  over- 
rated. It  is  an  indispensable  element  to 
take  into  account.  While  impetus  is 
given  to  the  circulating  volume  by  ther- 
mic force,  the  direction  of  the  motion 
must  be  impressed  on  the  circulation  by 
barometric  force,  or  by  equivalent  me 
chanical  means.  Here  is  the  key  to  the 
structural  question  of  tne  proper  height 
of  chimneys.  If  artificial  means  are 
asked  for  the  production  of  a  current  of 
air,  as  by  a  fan,  or  other  mechanical  ap- 
paratus, the  emission  may  be  so  far 
under  the  control  of  the  architect  that 


he  may  lead  his  flues  where  he  will.  But 
if  he  relies  on  the  two  natural  motors  of 
thermic  and  barometric  pressure,  woe 
will  betide  him  if  he  neglects  to  give  due 
attention  to  the  latter.  He  may  thus 
not  only  neutralize  the  action  of  the  ther- 
mic force,  but  even  set  it  to  work  in  the 
wrong  direction.  It  is  the  neglect  of 
these  primary  principles  which  is  the 
efficient  cause  of  smoky  chimneys. 

Another  element  has  to  be  regarded 
which  may  affect  the  movement  of  the 
ventilating  circulation,  especially  when 
the  barometric  conditions  are  neglected. 
That  is,  the  pressure  of  the  wind  on  the 
apertures  by  which  the  vitiated  air  es- 
capes. In  this,  as  in  the  case  of  the 
thermic  force,  what  is,  properly  regarded, 
a  power  at  the  disposal  of  the  ventilator, 
is  often  allowed  to  act  as  an  impediment 
instead  of  an  aid.  Thus,  if  a  vertical 
shaft  be  constructed  with  an  open  and 
unprotected  top,  the  effect  of  a  strong 
current  of  wind  is  to  keep  back  the  es- 
cape of  air  from  that  tube ;  and  so  read- 
ily is  this  perceptible,  that,  in  an  ill-con- 
structed chimney,  blasts  of  wind  without 
are  often  accompanied  with  puffs  of 
smoke  within  the  dwelling. 

The  pressure  of  the  wind,  according  to 
Smeaton's  experiments,  rises  from  .005 
lb.  per  square  foot,  with  the  hardly  per- 
ceptible motion  of  a  mile  per  hour,  to 
31.490  lbs.  per  square  foot  in  a  hurricane 
of  eighty  miles  per  hour.  Other  observ- 
ers have  estimated  the  force  of  a  hurri- 
cane of  100  miles  per  hour,  which  Smea- 
ton  took  at  49.2  lbs.  per  square  foot,  and 
later  authorities  as  high  as  62  lbs.  per 
square  foot.  A  pressure  of  55  lbs.  per 
square  foot  has  been  actually  registered 
at  the  Glasgow  observatory.  Professor 
Airy  has  stated  that  a  pressure  of  80  lbs. 
per  square  foot  may  be  obtained.  -  The 
great  storm  of  1705  was  estimated  as 
traveling  at  the  rate  of  forty-five  miles 
per  hour ;  and  the  resultant  pressure 
was  calculated  by  Smeaton  at  9.963  lbs., 
and  by  later  authorities  as  10.1  lbs.  per 
square  foot  of  the  surface  exposed  to  its 
fury.  This  is  equal  to  .07  lb.  per  square 
inch,  or  to  .014  inch  of  mercury,  or  1.68 
inches  of  water  in  the  barometric  column. 

Thus  the  effect  of  a  storm  of  unusual 
violence,  supposing  it  to  be  directly  ex- 
erted in  preventing  the  escape  of  a  ven- 
tilating column  of  air,  would  be  about 
equal  to  the  barometric  value  of  a  chim- 
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ney  of  170  ft.  in  height.  This,  however, 
is  dealing  with  one  element  alone.  We 
are  supposing  the  movement  to  be  so 
sluggish  that  the  thermic  force  can  be 
neglected.  But  it  is  that  force  which  it 
is,  usually  speaking,  most  readily  in  the 
power  of  the  ventilator  to  regulate.  To 
a  good  volumetric  discharge,  driven  by 
an  elevated  temperature,  and  directed  by 
a  lofty  chimney,  the  proportionate  check 
offered  by  even  the  fiercest  hurricane  is 
comparatively  small.  For  it  has  to  be 
measured,  not  only  by  the  barometric 
height,  but  by  the  actual  velocity  of  the 
column  of  escaping  air.  And  as  that 
velocity  may  be  increased,  almost  ad  lib- 
itum, by  the  application  of  artificial  heat, 
it  is  clear  that  the  architect  has  little  to 
fear  from  the  wind  as  an  enemy  to  ven- 
tilation, if  he  knows  what  he  is  about. 
AYe  may  take  another  opportunity  to 
show  how  he  may  make  a  violent  wind, 
instead  of  an  obstruction,  an  assistant, 
to  ventilation. 

It  follows  from  the  laws  which  we  have 
attempted  in  some  degree  to  elucidate, 
that  in  the  hands  of  the  wise  master- 
builder  those  causes  which  frequently 
impede  ventilation,  or,  at  all  events,  lead 
to  great  inconvenience,  may  be  converted 
into  the  very  motor  powers  of  a  well- 
regulated  ventilating  current.  This,  of 
course,  will  by  no  means  be  new  to  many 
of  our  readers,  more  especially  to  those 


of  them  who  are  at  home  in  the  well-di- 
gested system  of  mine  ventilation,  on 
which  the  yield  of  our  coal-fields  so 
closely  depends.  The  point  which  we 
venture  to  think  novel,  is  the  inquiry 
into  the  radiant  heat  produced  by  the 
process  of  animal  respiration,  as  afford- 
ing, in  point  of  fact,  an  element  of  ven- 
tilating power.  The  estimate  of  that 
heating  power  which  we  have  offered  is, 
of  course,  approximate  only.  It  is,  how- 
ever, founded  on  the  best  scientific  data 
as  yet  attainable.  And  it  is  enough  to 
afford  an  interesting  means  of  compari- 
son in  the  case  of  thermometric  observ- 
ations on  buildings  containing  many 
persons,  especially  when  they  are  ill- 
ventilated.  In  these,  and  in  the  opposite 
cases,  much  information  may  be  collected 
by  noting,  in  addition  to  the  elements  of 
cubic  contents,  number  of  persons,  and 
flow  of  ventilating  column,  the  actual 
temperature  of  the  entering  and  of  the 
issuing  air.  In  an  arrangement  made 
for  the  purpose  of  this  investigation,  the 
architect  would  find  a  very  valuable  field 
of  study.  Meantime,  the  rough  rule 
that  from  twenty-four  persons  assembled 
in  a  building  there  is  liberated  in  an 
hour  an  amount  of  heat  equal  to  that 
produced  by  the  combustion  of  a  pound 
of  coal,  is  one  that  may  afford  food  for 
very  profitable  meditation. 
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It  appears  that  a  difficulty  which  it 
has  long  been  the  ambition  of  practical 
electricians  to  overcome,  has  at  last  been 
solved  by  M.  Clamond.  According  to 
his  statement,  published  in  La  Lumiere 
JElectrique,  which  is  confirmed  by  the 
Count  du  Moncel,  M.  Clamond  has  suc- 
ceeded in  producing  the  electric  light  by 
means  of  his  new  thermo-electric  battery. 
M.  Sudre  has  also  just  published  his  de- 
sign for  a  powerful  thermo-electric  bat- 
tery, but  we  do  not  know  whether  this 
system  has  yet  been  put  to  any  practical 
trial,  whereas  that  of  M.  Clamond  is  now 
in  actual  use  for  the  purpose  of  lighting 
certain  factories  in  Paris.     Full  details 


of  either  system  have  not  yet  come  to 
hand,  so  that  it  is  only  possible  to  state 
the  general  results  at  present  obtained. 

That  heat  could  be  transformed  into 
electrical  energy,  was  first  discovered  by 
Seebeck  in  1822,  who  found  that  an  elec- 
tric current  was  produced  when  the  junc- 
tion of  two  dissimilar  metals  was  heated. 
Little  use,  however,  was  made  of  this  dis- 
covery as  a  source  of  energy,  owing  to 
the  feebleness  of  the  current  to  which  it 
gives  rise,  although  it  has  been  of  great 
service  since  the  time  of  Forbes  and  Mel- 
loni  in  the  investigation  of  radiant  heat. 
Prof.  Bunsen,  by  the  employment  of  dif- 
ferent metals  from  those  hitherto  tried, 
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found  that  he  could  increase  the  strength 
of  the  current,  and  M.  Marcus,  of  Vienna, 
using  alloys  instead  of  simple  metals  for 
the  positive  and  negative  element,  reduced 
the  cost,  while  increasing  the  power  of 
the  battery.  From  a  thermo-electric  bat- 
tery constructed  on  his  principle,  and 
also  from  a  modified  form,  devised  by 
Wheatstone,  a  current  sufficiently  strong 
to  produce  brilliant  sparks,  decompose 
water,  etc.,  was  obtained.  This  was  in 
1865,  and  but  little  progress  has,  until 
now,  been  made  in  this  branch  of  science, 
with  the  exception  of  the  improved  forms 
of  thermo-pile  devised  by  Noe  and  by 
Messrs.  C.  and  L.  Wray,  although  the 
utilization  of  heat — especially  solar  heat 
— for  the  production  of  electricity  has 
long  attracted  the  thoughts  of  many  ex- 
perimenters. 

M.  Clamond  has  for  some  time  been  at 
work  upon  the  subject,  and  has  so  far  suc- 
ceeded that  his  thermo-electric  battery 
has  been  employed  since  1875  in  M.  Gou- 
pil's  factories.  These  batteries  are  form- 
ed of  iron,  as  the  electro-positive  element, 
and  an  alloy  of  antimony  and  zinc  for  the 
negative ;  they  are  soldered  together  and 
arranged  in  a  circular  form,  which  can  be 
built  up  as  high  as  may  be  desired.  The 
junctions  of  the  metals  are  heated  in  the 
interior,  but  the  electromotive  force 
being  proportional  to  the  difference  of 
temperature  between  the  two  extremities 
of  each  bar,  it  was  necessary  to  make  the 
bars  long  if  a  strong  current  was  desired, 
and  then  the  results  were  less  satisfactory, 
owing  to  the  increased  internal  resistance, 
the  melting  of  the  metals  where  they 
were  soldered,  &c. 

It  is  these  hindrances  to  its  extended 
use  which  M.  Clamond  has  sought  to  ob- 
viate in  his  latest  form  of  battery,  which 
is  composed  of  three  distinct  parts.  The 
collector  consists  of  a  number  of  pieces 
of  cast-iron  so  arranged  that  the  heated 
air  can  circulate  within  them;  a  large 
surface  is  thus  exposed  to  the  heat,  which 
the  iron  collects  and  communicates  to 
the  couples.  The  diffuser  is  the  outside 
of  the  apparatus,  and  is  made  of  sheets 
of  metal.  The  thermo-pile  proper  is 
placed  between  these  two,  and  is  so  ar- 
ranged that  the  junctions  of  the  metals 
are  alternately  at  the  temperature  of  the 
collector  and  the  diffuser.  Heat  passes 
from  the  collector  to  the  diffuser  along 
these  couples,  which  have  no  great  length. 


In  some  forms  which  are  very  easily 
worked,  a  number  of  these  couples  are 
made  into  a  flexible  chain  of  any  desired 
length,  the  extremities  forming  the  poles 
of  the  battery.  These  chains,  insulated 
from  the  other  parts  of  the  apparatus,  can 
be  united  to  each  other  by  their  free  ends, 
so  that  a  variety  of  couplings  and  com- 
binations may  be  made.  The  model  now 
in  use  for  lighting  a  workshop  in  Paris 
is  about  2|-  meters  high/and  1  meter  in 
diameter,  the  exterior  form  being  that  of 
a  polyhedron,  to  the  sides  of  which  the 
thermo-electric  chains  are  attached: 
these  are  composed  of  small  tubes  of  zinc 
and  antimony  joined  together  by  plates 
of  tin,  to  which  they  are  soldered.  Each 
half  of  the  apparatus  has  30  chains  of  100 
couples  each,  or  6,000  couples  in  all.  To 
the  outer  surface  of  these  chains  are 
fixed  the  sheets  of  copper  which  form  the 
diffuser  or  heat  distributor. 

Another  model,  made  for  the  recent 
exhibition  at  the  Albert  Hall  of  the  va- 
rious sytems  of  electric  lighting,  is  square 
and  much  smaller,  though  of  the  same 
power. 

Each  half  of  the  cylindrical  battery 
can  be  made  to  supply  a  powerful  elec- 
tric light,  while  the  square  one  can  pro- 
duce four  lights  of  half  the  brilliancy. 
The  electro-motive  force  is,  according  to 
prolonged  experiments,  218  volts,  about 
equal  to  120  Bunsen  cells,  while  the  resist- 
ance is  31  ohms.  The  large  battery  con- 
sumes only  9  or  10  kilogrammes  of  coke 
an  hour,  and  the  smaller  one  even  less, 
about  6^-  kilogrammes.  Moreover,  the 
large  exterior  surface  of  the  apparatus 
radiating  its  heat  to  the  air  around  adapts 
it  admirably  for  use  in  heating,  as  well  as 
for  lighting,  and  it  can  thus  be  made  to 
serve  the  double  purpose  of  giving  warmth 
and  light. 

M.  Sudre  has  also  designed  his  thermo- 
pile with  a  view  to  obtaining  one  of  small 
volume,  and  having  a  low  internal  resist- 
ance; the  other  peculiarities  of  his  bat- 
tery consist  in  the  manner  in  which  one 
set  of  junctions  are  heated  while  the  other 
set  are  cooled.  He  has  also  determined 
what  is  the  best  length  for  the  bars  form- 
ing the  couples,  in  order  that  the  neces- 
sary difference  of  temperature  at  the 
two  extremities  may  be  maintained,  while 
yet  making  them  as  small  as  possible. 
This  he  finds  should  be  from  10  to  30 
millimeters,  according  to  the  difference 
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of  temperature  required.  His  manner  of 
soldering  together  the  two  different  met- 
als is  also  novel  and  ingenious.  In  order 
that  contact  may  be  made  with  the  whole 
surface  of  the  bar,  he  cuts  the  plate,  form- 
ing one  metal  into  the  shape  of  a  comb, 
twisting  the  teeth  of  this  comb  together, 
thus  retaining  a  large  surface,  which  yet 
has  only  a  short  length.  The  bars  are 
fastened  on  to  these  twisted  parts  and 
the  uncut  part  of  the  plate  is  coated  with 
silicate  of  soda.  The  couples  are  formed 
in  a  mould  in  which  the  plates  are  fixed, 
the  melted  alloy  is  then  run  into  the 
mould  so  that  a  block  is  formed  of  the 
alloy  and  the  plates,  firmly  united.  These 
chains  or  blocks  are  then  placed  between 
two  plates,  coated  on  one  side  with  en- 


amel or  other  electrically  insulating  sub- 
stance; several  chains  may  thus  be  ar- 
ranged side  by  side,  each  chain  being  both 
calorically  and  electrically  insulated. 
The  parts  of  the  chain  are  electrically  in- 
sulated by  the  thickness  of  the  plates, 
but  heat  can  flow  across  the  couples. 
The  chains  are  next  placed  between  a  col- 
lector and  a  diffuser ;  the  collector  is  rib- 
bed if  the  source  of  heat  be  gas,  in  order 
to  expose  a  greater  surface.  The  diffuser 
is  also  ribbed  for  the  same  reason  when 
the  heat  is  merely  allowed  to  radiate  into 
the  air. 

The  whole  battery  is  so  arranged 
that  the  collectors  form  the  inside  of 
a  circle,  within  which  the  heated  air  is 
circulated. 


THE  RUIN  OF  CANALS. 


From  "Iron." 


I.    THE  CAUSES  OF  RUIN  TO  CANALS  AND  WORKS 


OF  IRRIGATION. 


In  canals  purely  intended  for  naviga- 
tion, the  velocity  of  the  water  has  to  be 
kept  below  a  fixed  maximum,  and  below 
that  may  be  anything  down  to  still-wa- 
ters without  causing  any  harm ;  but  in 
irrigation  canals,  which  are  continually 
receiving  fresh  supplies  of  water,  and 
distributing  it  over  the  land  through  mi- 
nor channels,  the  velocity  of  the  water 
must  be  regulated  with  extreme  nicety 
and  care,  in  order  to  avoid  many  evils  ; 
the  two  extremes  of  which  result  either 
in  making  the  canal  utterly  unremunera- 
tive  from  not  carrying  sufficient  water  for 
purposes  of  irrigation,  or,  in  the  eventual 
ruin  and  destruction,  from  deterioration, 
of  the  canal  itself.  Such  canals  cannot 
be  maintained  like  roads,  by  merely  re- 
pairing and  trimming  worn  places  ;  they 
also  require  that  their  suitable  velocities 
should  be  perpetually  watched  and  reg- 
ulated, even  in  the  case  that  the  intended 
velocities  were  originally  correctly  de- 
termined, and  the  designs  and  works 
made  in  accordance  with  them. 

One  of  the  most  important  causes  of 
ruin  to  works  of  irrigation  is  that  the 
velocities  were  never  originally  well  de- 
termined, but  were  faulty  and  unsuita- 
ble, if  not  throughout   the  whole  of   the 


works,  then,  at  least,  in  portions  of  them, 
the  result  of  which  eventually  affects  the 
whole.  This  is  the  case  with  a  great 
many  Indian  canals,  and  is  likely  to  be 
so  on  many  others,  as  the  matter  of  hy- 
draulic velocities  is  one  on  which  knowl- 
edge is  extremely  small,  for  want  of  suffi- 
cient detailed  record  of  trustworthy  ex- 
periments. 

The  next  cause  in  point  of  importance 
is  faulty  engineering,  design  and  defect- 
ive construction  of  the  works  them- 
selves, but  this  admits  of  remedy,  with- 
out going  in  most  cases  to  such  an  enor- 
mous expense  as  the  former  class  of  error 
entails.  Even  under  this  head,  the  ap- 
portionment of  the  velocities  at  intakes, 
outlets,  bridges,  and  such  works,'  is  of 
extreme  importance. 

Thirdly, even  if  we  assume  the  compar- 
atively unusual  case  of  the  original  in- 
tended velocities  and  the  works  them- 
selves having  been  correctly  designed  in 
the  abstract,  and  of  the  works  having 
been  constructed  to  perfection,  the  canal 
itself  may  yet  follow  the  steady  course 
to  ruin.  For  whenever  ruin  falls  on  the 
canal,  or  freshets  or  floods  occur  in  any 
of  the  streams,  rivers  or  sources  of  sup- 
ply, which  then  increase  the  supply  of 
the  canal,  the  depth  of  water  in  the  canal 
is  increased  at   certain  places ;  and  be  • 


382 


VAN  NOSTRAND'S   ENGINEERING  MAGAZINE. 


sides,  the  hydraulic  gradient  is  increased, 
thus  causing  a  very  large  increase  of  ve- 
locity taken  in  proportion  to  the  adjust- 
able correct  limits.  Under  the  same  cir- 
cumstances, too,  a  certain  amount  of  silt 
is  washed  into  the  canal  from  its  banks, 
and  silt-bearing  water  may  also,  from 
want  of  early  precautions,  enter  from  the 
streams  of  supply.  A  high  wind  may 
also  increase  these  evils.  While,  again, 
the  velocity  of  the  canal  water  may  again 
be  increased  by  the  augmented  velocity 
of  the  water  entering  the  canal. 

The  practical  adjustment  of  the  velo- 
city, or  its  regulation,  becomes,  under 
such  circumstances,  a  matter  of  extreme 
care  and  refinement,  even  with  the  aid  of 
all  the  hydraulic  science  the  world  now 
affords,  and  the  assistance  of  good  in- 
struments and  appliances  for  determin- 
ing velocities ;  while  without  both  of 
these  aids  it  is  nearly  impossible  in  most 
instances. 

Setting  aside  the  extreme  cases  in 
which  the  excess  of  water  admitted  may 
be  so  large  that  it  becomes  necessary  to 
let  it  out  over  the  courrtry  by  breaking- 
down  a  bank,  and  assuming  the  very 
moderate  one  of  the  velocity  being  in- 
creased by  only  one-fifth,  this  alone  is 
amply  sufficient  to  cause  scour  and  ero- 
sion of  bed  and  banks  to  a  very  appreci- 
able extent;  and  if  this  recurs  at  rainy 
seasons  for  years,  it  becomes  positive 
ruin,  not  merely  on  account  of  the  ero- 
sion itself,  but  because  also  the  scoured 
matter  is  transported  by  the  water  in  the 
form  of  silt  and  deposited  at  other  parts 
of  the  canal.  The  .whole  regimen  of  the 
entire  canal  thus  gets  out  of  order,  the 
velocities  are  re-distributed  unsuitably  or 
in  ill-proportion ;  such  errors  augment 
very  rapidly,  and  a  partly  worn  and  part- 
ly silted-up  canal  is  the  result.  This  is 
ruin,  which  cannot  be  set  right  except 
by  extraordinary  repairs  costing  half  as 
much  as  the  original  cost  of  the  canal ; 
and  this  is  the  principal  cause  of  ruin  on 
works  of  the  very  best  design. 

Other  causes  of  deterioration  are  the 
admission  of  silt-bearing  water  at  intakes, 
neglect  of  petty  repairs,  and  non-removal 
of  such  an  average  amount  of  sediment 
as  may  be  deposited  in  the  canal  and 
channels  from  causes  apart  from  the  pre- 
ceding. It  may  also  be  mentioned  that 
neglect  of  repair  in  one  year  is  not  com- 
pensated for  by  double  the  amount  in  the 


next,  under  similar  circumstances  ;  but 
that  all  such  results  are  cumulative,  from 
increase  of  interference  with  the  strict 
regimen  of  the  canal,  and  its  suitably  ap- 
portioned velocities  in  various  parts  of 
its  course. 

The  consideration  of  the  causes,  and 
more  especially  of  the  principal  ones, 
leads  to  the  inevitable  conclusion  that  a 
careful  adjustment,  measurement  and 
regulation  of  the  velocities  of  the  water 
in  canals  and  works  of  irrigation  is  the 
basis  of  almost  all  measures  for  prevent- 
ing or  deferring  eventual  ruin. 

That  considerable  refinement  is  neces- 
sary is  evident  from  the  fact  that  the 
maximum  velocities  in  canals  are : — 

2. 5  feet  per  second  for  very  sandy  soil. 
2.75        "  "         sandy  soil. 

3.  "  "         loam. 

4.  "  "         gravel  and  very  firm  soil. 

While  with  low  velocities  of  1.5  and  1.75 
feet  per  second,  any  suspended  silt  may 
be  deposited,  and  vegetation  springs  up 
— the  other  source  of  extreme  damage. 
The  interval  between  the  extremes  is 
comparatively  small  and  very  easily  over- 
stepped. 

Our  present  knowledge  of  velocities, 
their  calculation,  determination  and  meas- 
urement is  extremely  coarse  at  present 
(not  long  ago  it  was  altogether  errone- 
ous), hence  the  necessity  for  more  knowl- 
edge and  greater  refinement, which  should 
be  based  on  extremely  careful  experi- 
ments, carried  out  under  the  most  advan- 
tageous circumstances,  with  all  the  aid 
that  improved  instruments  and  applian- 
ces of  every  sort  can  give  and  civilised 
assistance  can  furnish.  The  results  may 
then,  if  correctly  made  use  of  and  ap- 
plied, prevent  the  lamentable  ruin  to  our 
Indian  canals  which  is  illustrated  by  so 
many  nearly  obliterated  ancient  works 
both,  there  and  in  other  formerly  well- 
irrigated  countries. 

II.    ESTIMATED    LOSSES    FROM    DETERIORATION 
OF    IRRIGATION-CANALS. 

The  causes  of  deterioration,  and  the 
remedy  for  them,  having  been  previously 
explained,  the  next  point  to  be  consid- 
ered is  whether  it  is  worth  while  to  go  to 
the  expense  of  investing  money  in  exper- 
iments that  will  give  the  requisite  more 
refined  knowledge  of  hydraulic  veloci- 
ties, and  of  the  methods  of  dealing  with 
them.     The  amount  actually  invested  in 
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India  in  canals  and  works  of  irrigation, 
including  distribution  done  at  all  tunes, 

is  certainly  not  less  than  twenty  millions 
of  capital,  clear  of  all  working  expenses. 
(For  figures  in  detail, see  Hydraulic  Man- 
ual and  Statistics.     Allen.     1875.) 

Now  in  dealing  with  statistics  of  this 
description,  for  purposes  of  argument, 
it  is  absolutely  necessary  that  no  excep- 
tional case,  rates  or  figures  should  be 
used  ;  this  rule  will  therefore  be  rigidly 
adhered  to,  and  instead  of  dealing  with 
any  special  case  of  canal,  a  theoretical 
canal  under  conditions  that  average  well 
among  actual  statistics  will  be  dealt  with. 
Let  us  suppose  a  completely  developed 
irrigation  canal  to  have  cost  one  million 
pounds,  the  irrigated  area  to  be  half  a 
million  acres  annually,  and  the  net  annual 
profit  10  per  cent,  on  the  capital.  (The 
Eastern  Jumna  Canal  yields  22,  the  I 
Western  Jumna  Canal  31,  and  the  Kale- 
run  24  per  cent.,  and  these  are  the  three 
completely  developed  canals  of  India, 
while  it  is  evident  that  half -developed 
canals  do  not  afford  a  fair  basis  of  calcu- 
lation, any  more  than  partly  opened 
lines  of  railway).  Now  although  the  du- 
ration of  a  canal,  or  its  lifetime,  cannot 
be  actually  rigidly  estimated,  it  is  per- 
fectly fair  to  assume  that  a  canal  relieved 
from  the  wear  and  tear  of  excessive  veloc- 
ities and  from  large  deposits  of  silt,  re- 
trogression of  levels,  and  so  forth,  which 
are  all  solely  due  to  the  causes  previously 
explained,  will  last  for  a  duration  exceed- 
ing by  a  quarter  the  period  that  a  less 
carefully  managed  canal  will  last ;  in 
other  words,  let  us  assume  that  if  such  a 
canal  in  one  case  will  last  fifty  years,  in 
the  other  it  will  only  last  forty  years  with 
the  same  prosperity,  full  average  irrigat- 
ed and  full  returns ;  while  after  that 
period  they  may  steadily  dwindle  down 
from  prosperity  to  ruin  in  a  similar  ratio. 
Taking  the  canal  thus  only  at  it  climax, 
the  total  profits  in  either  case  will  be  in 
proportion  to  the  number  of  years  of  du- 
ration ;  for  the  actual  time  when  the  10 
per  cent,  annual  profit  dwindles  down 
to  below  zero,  or  the  canal  is  worked  at 
what  is  called  a  loss,  is  a  different  cor- 
responding period  in  each  case.  Thus 
the  compared  profits  on  a  capital  of  one 
million  pounds  will  be  about  as  follow: — 

The  difference  of  total  profits,  apart 
from  either  simple  or  compound  interest 
on  them,  is  about  one  million  and  a  half  i 


1.    IN  CASE  OF  MOKE  GRADUAL  DETERIORATION. 

10  per  cent,  for  50  years= £5,000,000 


10 
10 
10 
10 
10 


800,000 

000,000 

400,000 
200,000 
100,000 


Total  profits  during  a  century £7,100,000 

2.    IN  CASE  OF  MORE  RAPID  RUIN. 

10  per  cent,  for  40  years= £4,000,000 

8  8 

6  8 

4  8 

2  8 

1  8 

0  8 


640,000 
480,000 
320,000 
160,000 

80,000 

nil. 


Loss  during  12  years  to  be  deducted  at 
1  per  cent 120,000 


Total  profits  during  a  century £5,560,000 

pounds  sterling,  or  half  as  much  again 
as  the  original  capital  expended  on  one 
canal.  Taking  twenty  such  completed 
canals  to  represent  the  capital  invested 
in  India  of  twenty  millions  sterling,  the 
loss  due  to  the  more  rapid  deterioration 
becomes  thirty  millions  sterling,  or  half 
as  much  again  as  the  capital  invested ;  if 
extended  over  a  full  century  in  each 
case.  Over  half  a  century  the  loss  is 
simply  equal  to  the  value  of  the  capital 
invested,  and  this  seems  a  probable  and 
fair  estimate  of  the  anticipated  loss  in 
that  period,  or  damage  done. 

To  this  estimated  loss,  or  to  something 
very  near  to  it,  there  is  only  one  alterna- 
tive, and  that  is,  the  expenditure  of  the 
same  amount  in  extraordinary  repairs, 
which  might  be  set  down  in  the  returns 
either  as  added  to  the  capital  account,  or 
as  included  in  the  ordinary  repairs.  But 
however  accounts  may  be  managed,  the 
amount  estimated  must  either  be  lost,  or 
spent  in  making  head  against  the  destruc- 
tion occurring  more  rapidly  in  one  case 
than  in  the  other. 

It  is  useless  to  ignore  that  there  is  a 
lifetime  to  everything  ;  the  principles  of 
dilapidation  cannot  be  controverted. 

It  may,  however,  be  asserted  that  un- 
der any  circumstances  instructions  may 
be  given  that  the  canals  shall  be  kept  in 
perfect  repair,  that  every  care  shall  be 
taken,  and  so  forth.  This  is  the  very 
point ;  the  care  cannot  be  taken  to  pre- 
vent such  damage  unless  a  higher  knowl- 
edge of  velocities  enables  a  more  refined 
sort  of  care   and  prevention  to  be  exer- 
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cised.  No  doubt  the  damage,  instead  of 
being  allowed  to  accumulate  over  so 
many  years  into  absolute  ruin,  may  be 
stopped  by  incurring  more  expense  an- 
nually ;  but  this  is  merely  spreading  the 
bill  for  damage  over  a  number  of  years  ; 
the  expense  is  not  prevented  in  that  case, 
but  merely  divided ;  and  if  this  form  of 
account  be  preferred,  instead  of  dealing 
with  a  total  loss  of  twenty  millions  in 
fifty  years,  it  becomes  a  waste  loss,  or 
combination  of  both,  of  £400,000  yearly 
over  the  whole  of  the  irrigation  canals 
and  works  of  distribution  of  India,  which 
is  simply  due  to  the  coarseness  of  our 
knowledge  about  velocities.  Comparing 
this  annual  waste,  or  even  merely  a  quar- 
ter, or  a  tenth  of  it,  with  the  relatively 
small  cost  of  a  thoroughly  well  conduct- 
ed series  of  hydraulic  experiments,  we 
may  easily  see  whether  the  latter  are 
worth  while,  from  a  financial  point  of 
view,  as  a  just  and  remunerative  invest- 
ment or  expenditure  on  public  works. 

The  principle  involved  cannot  be  avoid- 
ed by  drawing  any  analogy  between  ca- 
nals and  railways. 

All  improved  modes  and  principles, 
and  increased  knowledge,  experiments, 
and  so  forth,  on  railways,  may  have  cost 
India  nothing.  As  railways  in  their  per- 
fection were  first  required  in  England, 
where  they  are  still  being  improved  at 
the  expense  of  skill,  money  and  thought, 
all  such  ideas  may  be  borrowed  gratui- 
tously. But  there  are  no  large  irrigation 
canals  in  England,  and  India  must  neces- 
sarily work  out  its  own  improvements 
in  that  branch  at  its  own  expense,  and 


effect  permanent  economies  for  itself,  if 
at  all ;  although  it  may,  and  perhaps 
should,  bring  to  bear  on  them  the  high- 
est English  skill  available  in  every  re- 
spect, and  make  use  of  it  both  at  home 
and  in  India. 

In  following  up,  or  copying  in  prac- 
tice, any  clearly  defined  thoroughly-work- 
ed out  principles,  as  those  of  roads,  rail- 
ways and  navigable  canals,  a  routine 
system  of  the  marionette  type  may  be 
sufficient  for  the  purpose;  but  when  prac- 
tical improvement  has  to  be  gained  by 
experience,  experiment  and  skill,  such  a 
system  is  inapplicable  without  further 
aid. 

The  method  hitherto  adopted  cf  fol- 
lowing up  and  using  the  hydraulic  ex- 
perience and  formulae  devised  in  France 
and  Germany,  and  of  applying  their  er- 
rors as  well  as  their  principles  on  a  very 
magnified  scale,  thus  saving  expense  in 
experiments,  has  had  the  most  disastrous 
effect  on  the  irrigation  works  of  India ; 
this  point  hardly  requires  exemplifica- 
tion. The  isolation  of  Indian  engineers, 
their  want  of  opportunity,  of  reference 
to  and  consultation  with  English  engi- 
neers in  their  special  branches,  is  doubt- 
less also  to  be  deplored,  as  it  accounts 
for  many  remediable  defects ;  but  the 
dispensing  with  extended  special  exper- 
iment and  approved  knowledge  in  a 
branch  of  science  that  pre-eminently  af- 
fects the  permanent  benefit  of  the  large 
and  extensive  works  of  irrigation  of  India 
seems  perfectly  indefensible  either  on 
financial  or  on  any  other  grounds. 


THE  LIGHT  AND  ENERGY  OF  ELECTRICITY  AND  GAS. 

By  J.  T.  SPRAGUE. 
From  "  The  English  Mechanic:" 


Some  very  remarkable  statements  were 
made  before  the  Committee  of  Parlia- 
ment on  Lighting  by  Electricity.  These 
statements  are  embodied  in  the  report, 
and  having  gone  the  rounds  of  the  Press 
without  examination  or  comment,  they 
will  no  doubt  be  adopted  as  settled 
facts.  It  is,  therefore,  very  desirable 
that  they  should  be  examined,  and  that 
an  understanding  should  be  arrived  at  as 


to  how  far  they  are  reliable,  and  in  what 
sense  they  are  true.  We  will,  therefore, 
commence  with  the  remarks  of  Sir  Wil- 
liam Thomson. 

1,746.  We  are  anxious  to  obtain  your 
opinion  upon  various  points  connected 
with  electric  lighting;  perhaps  you  will 
let  me  go  to  the  root  of  the  matter,  and 
ask  you  to  tell  us  the  energy  which  is 
used  and  exhibited  as  light  in  the  pro- 
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duction  of  the  electric  arc? — The  energy 
which  is  actually  used  in  the  electric  arc 
is  about  1  horse-power  per  2,400  candle- 
power,  or  even  more  than  '2.-400  candle- 
power,  according  to  the  dimensions  and 
other  circumstances  of  the  electric  arc. 

1.747.  That  is  to  say,  1  horse-power,  if 
fully  employed,  produces  2,400  candles 
or  more? — Yes,  1  horse-power  actually  in 
the  electric  arc;  1  horse-power  spent  in 
stirring  the  luminiferous  ether  between 
the  carbon  points  and  on  the  surfaces  of 
the  carbon. 

1.748.  Have  you  at  all  calculated  the 
energy  appearing  as  light  in  the  case  of 
the  combustion  of  gas? — 1  horse-power 
of  energy  in  the  combustion  of  gas  pro- 
duces about  12  candle-power. 

1.749.  And  1  horse-power  converted 
into  electric  light  produces  2,400  can- 
dles ? — Yes. 

1.750.  As  these  are  rather  startling 
figures,  perhaps  you  will  explain  to  the 
committee  how  you  arrive  at  such  re- 
sults?— Sir  William's  reply  is  too  lengthy 
for  full  quotation,  as  the  greater  part  of 
it  is  unimportant;  he  concludes  by  say- 
ing, "  The  upshot  of  all  is  that,  allowing 
the  practical  estimate  of  1  horse-power 
actually  spent  in  driving  the  engine  to 
produce  1,200  candles,  which  has  been 
realized,  I  estimate  that  one-half  of  that 
power  goes  to  the  electric  arc,  and  one- 
half  is  lost  in  heating  different  parts  of 
the  machine.  This  then  gives  2,400 
candles  for  1  horse-power,  which  is  the 
figure  of  my  answer.  In  respect  to  gas, 
I  have  taken  4  candles  per  cubic  foot  of 
gas  per  hour.  I  have  taken  the  heating- 
power  of  gas  at  12,000  centigrade  units 
per  gramme;  I  have  taken  the  specific 
gravity  of  the  gas  as  half  that  of  air,  and 
calculated  accordingly.  I  have  thus  cal- 
culated the  ichole  heat  of  the  combustion 
of  gas,  from  the  amount  of  that  per 
second  of  time,  and  reduced  it  to  horse- 
power. Thus  I  arrive  at  the  figure  which 
I  gave  in  my  answer,  i.e.,  1  horse  power 
actually  spent  in  warming  the  air  and 
stirring  the  luminiferous  ether  in  a  gas- 
flame  of  12  candle-power. 

The  committee  in  their  report  remark 
that  there  is  some  difference  of  opinion 
between  the  scientific  and  practical  wit- 
nesses, and  it  is  not  to  be  wondered  at  if 
the  foregoing  is  to  be  taken  as  a  type  of 
scientific  evidence.  In  fact  the  state- 
ments are  all  true,  but  they  are  so 
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arranged  as  to  constitute  a  complete 
chain  of  special  pleading,  and  to  convey 
an  absolutely  false  impression  of  what 
the  facts  themselves  really  mean.  The 
statements  are  true  as  to  the  energy 
actually  in  the- lights.  The  impression 
they  produce  is  false  as  to  the  energy 
necessary  to  produce  the  lights. 

There  are  two  ways  of  considering 
energy,  as  with  most  other  things. 
There  is  the  potential  or  theoretical 
energy  of  a  combustible ;  that  is  to  say, 
the  total  heat  capable  of  being  produced 
by  its  union  with  oxygen.  This  poten- 
tial energy  of  coal,  for  instance,  is  about 
13,000  Centigrade  heat  units  per  lb.  In 
commercial  language,  we  may  call  this 
the  gross  energy  of  the  coal.  There  is, 
again,  the  practical  energy  of  the  com- 
bustible, a  function  of  the  boilers  and 
engines.  For  instance,  average  steam 
engines  give  a  horse-power  for  7  lbs. 
of  coal  per  hour?  this,  in  commercial 
language,  may  be  called  the  net  energy 
of  the  coal. 

Now  what  Sir  William  Thomson  has 
done  is  just  this ;  he  has  charged  the  gas 
light  with  the  gross  energy,  and  the 
electric  light  with  the  net  energy,  as 
indicated  by  the  italics  in  his  evidence, 
and  people  who  do  not  understand  this, 
like  the  writers  in  the  daily  press,  of 
course  imagine  that  these  figures  so 
seriously  stated  are  really  true! 

Now  let  us  see  what  would  come  of  an 
equitable  comparison,  using  as  far  as 
possible  Sir  W.  Thomson's  own  figures. 

1  horse-power  is  33,000  ft.-lbs.  per 
minute,  or  1,980,000  per  hour.  Ex- 
pressed in  heat  units  of  1  lb.  water 
1°  Cent.,  which  equals  1,390  ft.-lb.,  1 
horse-power  per  hour  equals  1424.5. 
Tins,  then,  is  the  potential  energy  of  the 
4  cubic  feet  of  gas,  giving  12  candles 
light. 

To  put  the  1  horse-power  of  energy 
into  the  electric  arc,  another  1  horse- 
power is  of  necessity  expended  in  the 
circuit  and  must  be  charged,  because  the 
gas  compared  with  it  is  the  whole 
amount  necessary.  But  to  produce  1 
horse-power  in  a  steam-engine  involves  a 
consumption  of  coal  varying  from  2. 5  lbs. 
in  the  most  perfect  and  expensive  engines 
known,  to  8  and  even  10  lbs.  in  common 
engines ;  let  us  take  4  lbs.  as  a  very  fair 
engine's  work,  and  we  have  8  lbs.  coal 
expended  in  generating  the  2,400  candles 
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mentioned.  Now  the  potential  energy  of 
1  lb.  of  average  coal  is  13,000  heat  units, 
or  in  8  lbs.,  104,000. 

Instead    of    having    the    energy    per 
candle, 

Gas         ..  1,424.5^      12  =  118.7 
Electricity  1,424.5-^-2,400  =       .597 

This  being  what  Sir  W.  Thomson  makes 
it  appear  to  be,  we  have  by  equitable 
comparison, 

Gas         ..       1,424.5--      12=118.7 
Electricity  104,000    -^2,400=  43.3. 

Even  then  we  have  omitted  a  very  im- 
portant element  of  consideration;  the 
gaslight  needs  no  machinery,  no  capital 
outlay,  no  skilled  attendance;  the  elec- 
tric light  wants  all  these,  and  if  they 
do  not  form  an  element  of  the  scientific 
calculation,  as  to  potential  energy  in- 
volved in  the  two  cases,  they  enter  very 
■  largely  as  factors  in  the  practical  calcula- 
tion as  to  the  potential  cost.  Hence  the 
difference  in  the  practical  and  so-called 
scientific  opinions  noted  in  the  com- 
mittee's report. 

The  comparisons  made  are,  however, 
intrinsically  erroneous,  because  made 
between  electricity  in  its  best  conditions, 
on  the  large  scale,  and  gas  in  its  worst, 
on  the  small  scale,  and  it  is  well  known 
that  in  all  things  the  small  scale  is  most 
costly,  whether  we  consider  the  expendi- 
ture of  money  or  of  energy,  But,  in 
addition  to  this  general  principle,  the 
comparison  is  not  really  made  with  an 
electric  arc  having  1  horse-power  of 
energy  expended  in  it.  The  estimate  is 
made  from  a  light  having  3  or  4  horse- 
power in  it;  in  this  way  the  value  is 
arrived  at  "of  1  horse-power  actually 
employed  in  driving  the  engine  to  pro- 
duce 1,200  candles,"  and  as  only  half 
this  energy  is  in  the  arc,  the  light  equal 
to  1  horse-power  is  taken  as  2,400 ;  but 
it  is  well  known  that  to  produce  a  light 
"of  1,200  candles  in  a  single  arc  requires 
2  horse-power  of  engine,  and  in  those 
conditions  the  1  horse-power  energy 
would  be  actually  in  the  arc,  and  the 
efficiency  would  be 

Electricity  104,000^1,200=86.6 

as  against  gas  118.7  per  candle,  and  this 
when   setting   the  production  of   a   12- 
candle  light  against  one  of  1,200. 
It  may  be   well  to  explain  why  the 


actual  energy  expended  in  the  luminous 
area  is  so  much  smaller  with  electricity 
than  with  any  combustible  such  as  gas. 
In  the  case  of  combustion  the  energy  has 
to  be  employed  in  heating  the  products 
of  the  combustion,  steam  and  carbonic 
acid  and  a  large  bulk  of  neutral  nitrogen 
from  the  air;  these  all  flow  rapidly  away 
and  carry  off  the  heat.  The  very  same 
loss  has  to  be  met  in  the  electricity  when 
derived  from  combustion,  but  the  loss 
occurs,  not  in  the  light,  but  in  the 
furnace  and  in  the  wires;  here  pure 
energy  is  collected  and  transmitted  to 
the  arc,  where  it  makes  its  appearance  as 
light  unencumbered  by  the  products  of 
the  processes  of  the  transformation  of 
latent  energy  into  light  and  heat.  Still, 
as  the  loss  has  to  be  incurred  in  both 
cases,  both  the  lights,  when  compared, 
must  have  the  total  energy  needed  for 
their  development  taken  into  account. 

The  same  witness  expressed  opinions 
as  to  the  transmission  of  power  from 
central  engines  to  different  parts  of 
towns  by  means  of  electricity ;  but  as  Mr. 
Siemens  gave  the  figures  upon  which 
these  opinions  are  founded,  we  may  now 
pass  on  to  examine  these.  Mr.  Siemens, 
comparing  the  cost  of  gas  and  electricity, 
says:— (136)  "Making  the  unit  of  com- 
parison 1,000  standard  candles  per  hour, 
the  results  are  striking.  An  Argand 
burner  produced  1,000  standard  candles 
of  light  per  hour,  with  a  consumption  of 
312.5  cubic  feet  of  gas;  and  to  make 
this,  56  lbs.  of  coal  would  have  to  be 
used  in  the  retorts."  (139.)  "In  the  case 
of  a  medium  dynamo-machine  driven  by 
a  gas  engine,  19.5  cubic  feet  of  gas  pro- 
duce 1,000  standard  candles  during  one 
hour;  and  the  consumption  of  coal  neces- 
sary to  produce  this  gas  is  3.261bs."  (141.) 
"And  in  the  case  of  the  naked  light,  the 
consumption  of  coal  is  very  nearly  the 
same?  It  is  very  nearly  the  same:  it  is 
13.3  lbs.  in  the  gas-engine,  and  12  lbs.  in 
the  steam-engine,  showing  that  the  gas- 
engine  is  really  a  very  economical  engine, 
and  has  moreover  the  advantage  over 
the  steam-engine,  that  no  boiler  is  em- 
ployed, and  that  the  consumption  of  gas 
commences  and  ceases  the  moment  the 
motion  of  the  engine  commences  and 
ceases." 

It  will  be  seen  presently  that  this 
advantage  of  the  gas-engine  is  very  much 
understated,    because    the    coal     corre- 
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Bponding    to    the   gas    is    largely    over 
estimated. 

The  comparison  between  the  relative 
weights  of  coal  consumed  is  really  of  lit- 
tle importance,  because  the  real  thing  to 
be  considered  is  the  relative  costs.  The 
cost  of  gas  is,  of  course,  greater  than 
that  of  the  mere  coal  it  represents, 
because  its  price  includes  labor,  capital, 
and  distribution;  on  the  other  hand,  the 
coal  consumed  in  the  other  case  must  be 
charged  with  wages,  &c.,  necessary  for 
its  consumption  to  place  it  on  the  same 
footing  as  the  gas  with  which  it  is  com- 
pared. But  when  any  comparison  is 
made,  or  any  line  of  argument  adopted, 
it  ought  to  be  correctly  worked  out. 

Now,  instead  of  an  Argand  burner 
giving  the  light  of  1,000  candles  on  a 
consumption  of  312.5  ft.  of  gas  per  hour, 
this  value  is  calculated  from  the  work  of 
62  Argand  burners,  each  consuming  only 
5  ft.  per  hour  of  16-candle  gas.  No 
burner  of  1,000  candle  power  has  been 
made.  But  burners  giving  250  candles 
on  a  consumption  of  60  ft.  are  made,  so 
that  we  know  that  1,000  candles  can  be 
obtained  from  240  ft.",  instead  of  312.5. 
But  Mr.  Siemens  commits  a  more  serious 
injustice  when  he  charges  against  the 
gas  the  whole  of  the  coal  put  into  the 
retort,  allowing  nothing  for  the  coke  and 
tar.  which  form  part  of  the  actual  coal 
with  which  he  is  comparing  the  gas.  In 
this  way  he  obtains  a  consumption  of 
15  lbs.  of  coal  per  hour  with  gas  as 
against  8  lbs.  consumed  in  a  steam- 
engine  to  develop  the  2  horse-power 
necessary  to  develop  1,000  candles  in 
one  electric  arc. 

A  ton  of  average  coal  gives  9,600  ft.  of 
gas  of  .450  sp.  gr.,  which  equals  331  lbs. 
of  purified  gas  per  ton;  about  1,300  lbs. 
of  coke  are  produced,  and  if  we  reckon 
the  excessive  consumption  of  one-third 
of  this  in  the  furnaces,  and  charge  the 
whole  of  this  against  the  gas  produced, 
we  shall  find  that  we  get  about  12  ft.  of 
gas  for  each  pound  of  coal  which  has 
disappeared — that  is  to  say,  100  cubic 
feet  of  gas  represent  at  most,  8  lbs.  of 
coals.  This  reduces  Mr.  Siemens'  56  lbs. 
per  1,000  candles  to  25  lbs.  on  the  con- 
sumption of  5  ft,  Argands,  and  to  19  lbs. 
on  the  actual  consumption  in  4  of  the 
250  candle  burners. 

This  shows  the  great  economy  of  the 
gas-engine  as  compared  with  the  steam 


engina  Gas-engines  are  already  in  use 
which  develop  1  horse-power  per  21  ft. 
of  gas,  which  represents  at  most  1.(1  lbs. 
of  coal,  and  (his  efficiency  is  realized  in 
small  engines.  But  the  very  best  steam- 
engines  of  large  dimensions  have  never 
realized  more  than  1  horse-power  for 
2.5  lbs.  of  coal,  and  this  only  with  great 
attention.  Ordinary  engines  consume  8 
and  10  lbs.  per  hour  per  horse-power, 
and  a  consumption  of  4  lbs.  would  be 
very  good  work  for  any  engine  employed 
under  general  conditions  analogous  to 
those  for  which  gas-engines  would  be 
used.  The  reason  of  this  economy  is,  that 
the  potential  energy  of  the  fuel  is  converted 
directly  into  mechanical  energy  in  the 
cylinder  by  the  act  of  combustion,  only 
so  much  is  necessarily  carried  off  as  goes 
with  the  heated  products  containing  only 
the  small  quantity  of  vapor  due  to  the 
hydrogen  in  the  gas.  With  steam,  all 
this  loss  occurs  in  the  furnace  of  the 
boiler,  and  in  addition  there  is  the 
immense  quantity'  carried  off  in  the 
escaping  uncondensed  steam. 

We  now  come  naturally  to  the  question 
of  transmitting  power.  Mr.  Siemens 
says: — (200.)  I  believe  it  would  be  the 
cheapest  mode  of  transmitting  power  to 
a  considerable  distance.  The  experi- 
ments which  we  have  made  give  a  result 
of  a  loss  of  50  per  cent.,  that  is  to  say, 
5  horse-power  applied  to  a  dynamo  ma- 
I  chine  produces,  roughly  speaking,  2J- 
!  horse-power  at  a  distant  point;  it  would 
j  follow  that,  say,  100  horse-power  engine 
at  a  central  station,  which  could  be 
worked  with  a  consumption  of  2.5  lbs. 
per  horse-power,  would  produce,  at  a 
number  of  points,  power  at  the  rate  of 
5  lbs.  per  horse-power. 

Mr.  Siemens  thinks  more  favorable 
results  may  be  hoped  for  than  50  per 
cent,  return;  but  it  is  a  pretty  general 
law  in  electricity,  that  the  resistances 
must  be  equal  in  generator  and  utilizer, 
and  there  are  reasons  for  this,  which  the 
resistance  expresses,  though  it  is  itself 
an  agent  and  not  the  cause;  hence  50 
per  cent,  is  the  full  theoretical  efficiency, 
allowing  nothing  for  loss  in  the  con- 
ductor, and  by  leakage;  in  actual  work- 
ing the  total  efficiency  would  be  more 
likely  30  to  40  per  cent. 

But  giving  electricity  its  utmost  claim, 
and  the  use  of  the  best  engines  known, 
we  have  a  consumption  of  coal  of  5  lbs. 
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per  horse-power  delivered,  as  against 
1.6  lbs.  per  liorse-power  delivered  by 
gas.  But  we  have  to  consider  some- 
thing besides  the  theoretical  consump- 
tion of  coal.  The  21  ft.  of  gas,  at  4s.  per 
1,000,  costs,  Id.,  while  Id.  would  buy 
9.3  lbs.  of  coal  at  20s.  per  ton.  But  the 
Id.  in  the  case  of  gas,  covers  the  whole 
cost  of  the  delivery  of  the  energy  of  the 
coal  to  the  machine  which  uses  it.  In 
the  case  of  coal  it  represents,  on  the 
other  hand,  energy  which  has  to  be 
delivered ;  to  place  the  electric  energy  of 
that  coal  on  a  par  with  the  gas,  we  have 
to  provide  and  pay  for — 

1.  The  capital  outlay,  wear  and  tear  of 
the  steam-engine,  and  its  attendance. 

2.  The  dynamo  machine  which  gener- 
ates the  electric  current  and  all  its  sub- 
sidiary expenses. 

3.  A  conducting  system,  the  condi- 
tions and  difficulties  of  which  are  a.s  yet 
absolutely  untested. 

4.  The  general  expenses  of  manage- 
ment, and  the  profits  gf  the  undertaking. 

These  simply  represent  the  gas-works 
and  mains,  and  the  expenses  and  profits 
of  the  gas  company,  all  of  which  are  in 
eluded  in  the  penny  charged  for  the 
horse-power  of  gas.  The  consumer 
would  have  in  either  case  to  provide  a 
gas-engine  or  dynamo-electric  apparatus, 


the  costs  of  which  would  be  about  the 
same. 

It  is  quite  certain  that  the  expenses  of 
all  this  would  raise  the  cost  of  the  5  lbs. 
of  coal  consumed  at  the  central  station, 
to  considerably  more  than  the  penny ;  in 
fact,  they  would  be  so  great  that  it  is 
not  surprising  that  no  one  has  yet 
ventured  to  dispute  the  remarks  made 
some  time  ago  on  Mr.  Siemens'  proposal 
to  transmit  the  energy  of  waterfalls  30 
miles  distant,  or  of  the  coal  at  the  pit's 
mouth.  The  power  costing  nothing  at 
the  30  miles  distance,  it  would  be  better 
economy  to  allow  to  run  to  waste,  its 
delivery  would  cost  more  than  the  ex- 
penses of  carriage  of  coal,  which  has  to 
be  paid  for,  and  its  conversion  into  gas 
in  the  different  towns  as  required. 

As  the  writer  is  himself  working  at  the 
problem  of  electric  lighting,  and  is  the 
patentee  of  machines  which  will  be 
brought  into  operation  in  a  little  while, 
it  will  be  understood  that  there  can  be 
no  intention  to  depreciate  the  importance 
of  these  applications  of  electricity.  But 
the  statements  examined  will  no  doubt 
be  utilized  ere  long,  by  the  various  pro- 
spectus writers,  who  are  waiting  their 
opportunity;  and  it  is  of  great  import- 
ance that  their  actual  meaning  should  be 
understood,  and  the  real  truth  be  pre- 
sented to  the  public  understanding. 
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The  Author  has  not  met  with  sufficient 
information  to  establish  a  rule  for  de- 
termining the  load  which  may  be  safely 
imposed  by  a  structure  upon  earth  of  a 
specific  character  and  condition.  The 
degrees  of  consistency  and  compactness 
in  different  kinds  of  earth,  and  their  mix- 
tures, and,  above  all,  the  extent  of  moist- 
ure therein,  so  affect  the  supporting 
power  as  to  discourage  any  attempt  at  a 
formula  for  practical  use.  The  nearly 
universal  rule  seems  to  be,  to  depend 
upon  the  previous  experience  of  the  lo- 
cality, or  upon  observations  of  structures 


supported  on  similar  earths  in  like  con- 
ditions ;  in  fact,  to  guess  at,  what  the 
Author  believes  may,  in  most  cases,  be 
determined  with  considerable  precision, 
and  avoid  on  the  one  hand  the  unneces- 
sarily costly  foundations  which  are  so 
frequently  observed,  and,  on  the  other 
hand,  those  inappropriate  and  insuffi- 
cient foundations  which  cause  the  de- 
struction of  the  superstructure. 

He  was  requested  ten  years  ago,  to 
devise  plans  for  the  foundations  of  a 
large  and  costly  State  building,  which 
had  to  rest  upon  soil  apparently  equable 
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and  stable,  but  which  proved,  on  careful 
examination,  to  lack  these  qualities  to  a 
remarkable  extent.  It  was  also  found 
that  the  earth,  to  a  great  depth  under 
many  portions  of  the  foundations,  re- 
ceived and  parted  with  a  considerable 
amount  of  moisture  with  the  changing 

isons.  The  circumstances  of  the  case 
did  not  allow  the  use  of  piles  or  inverted 
arches ;  it  was,  therefore,  necessary  to 
spread  the  base  of  the  walls  over  such 
an  area  as  would  afford  the  requisite  sus- 
taining power,  and  also  to  protect  the 
clay  and  sand  from  any  excess  or  depriv- 
ation of  its  natural  degree  of  moisture, 
so  as  at  all  times  to  derive  from  it  the 
same  degree  of  support.  The  import- 
ance of  the  work  warranted  the  expense 
of  experiments  to  determine  the  ques- 
tions above  referred  to.  In  the  absence 
of  any  similar  or  equally  extensive  ex- 
periments, the  Author  is  induced  to  sub- 
mit the  present  ones,  in  the  hope  that  an 
exi^lanation  of  the  methods  adopted,  and 
the  results  attained,  will  prove  service- 
able. 

The  structure,  though  a  single  build- 
ing, may  be  considered  as  a  collection  of 
a  dozen  large  ones,  with  great  differences 
of  elevations,  and  weights  upon  the  low- 
er walls,  and  yet  so  bonded  together  as 
to  require  that  the  pressure  of  each  of 
the  parts  should  be  the  same  per  square 
foot  on  the  earth  beneath.  This  object 
has  been  fully  accomplished ;  and  when 
the  structure  is  loaded  to  the  maximum 
extent  of  200,000  American  tons,  the 
Author  believes  that  it  will  not  compress 
the  earth  upon  which  it  rests  more  than 
three-fourths  of  an  inch,  and  exactly  the 
same  under  every  part  thereof.  The 
building  measures  nearly  300  feet  by  400 
feet  on  plan,  and  has  three  main  stories 
and  a  basement.  The  lower  walls  are 
110  feet  high,  but  those  of  the  corner 
towers,  pavilions  and  main  tower,  are  of 
much  greater  height, 

The  ground  covered  by  the  structure 
sloped  eastward  at  the  rate  of  1  in  25. 
The  pit  was  excavated  to  a  depth  of  5 
feet  below  the  natural  surface  at  the 
south-east  comer,  and  25  feet  at  the 
north-west  corner.  The  excavation,  to- 
gether with  the  borings  which  were  made 
in  the  bottom  of  the  pit,  fully  exhibited 
the  character  of  the  earth.  The  lower 
strata  (termed  in  the  locality  "  blue  clay  " 
and  "Albany  clay")  are  more  than  100 


!  feet  in  thickness,  resting  upon  the  Hud- 
j  son  River  argillite  (a  clay  slate),  the  two 
forming  the  banks  of  the  river  for  thirty 
miles  of  its  course.  The  "blue  clay" 
■  contains  from  sixty  to  ninety  per  cent,  of 
alumina,  the  remainder  is  fine  silicious 
sand.  It  also  contains  many  nodules  of 
'  clay,  highly  charged  with  carbonate  of 
lime  in  the  form  of  rings  and  discs  about 
an  inch  in  diameter.  Overlying  the  blue 
clay  was  a  mass  of  earth  from  1  foot  to 
35  feet  deep,  composed  of  the  same 
clay  mixed  with  sand  of  different  degrees 
of  fineness,  in  proportions  varying  to 
such  an  extent  as,  when  saturated,  to 
render  it  in  some  places,  a  semi-fluid, 
while  in  others  it  was  nearly  pure  sand, 
and  very  porous.  This  material  occurred 
in  veins  and  strata,  large  and  small, 
above  and  below  the  level  fixed  for  the 
foundation.  One  of  the  largest  of  these 
veins  of  viscid  earth  passed  diagonally 
across  the  foundation,  and  at  a  depth  of 
6  to  20  feet  below  the  bottom  of  the  pit. 
It  was  200  feet  long,  and  from  5  to  25 
feet  wide.*  Other  veins  and  strata  of 
less  size,  were  found  extending  across 
the  bottom,  and  sometimes  terminating 
in  pockets  in  the  blue  clay.  '  Borings, 
from  10  to  30  feet  deep,  were  made  in 
several  places  below  the  bottom  of  the 
pit,  which  showed  the  substratum  to  be 
blue  clay;  and  a  well  which  had  been 
sunk  close  by,  to  a  depth  of  100  feet, 
was  entirely  in  the  blue  clay. 

The  earth  in  its  natural  condition  at 
midsummer  contained  from  27  to  43  per 
cent,  of  moisture.  When  the  samples 
were  thoroughly  dried  and  pulverized 
and  again  fully  saturated  (without  drip- 
ping), they  absorbed  from  39  to  46  per 
cent,  of  water.  The  blue  clay  ordinarily 
held  about  40  per  cent.,  and  when  dried, 
again  absorbed  about  43  per  cent.  It 
was,  therefore,  as  a  rule,  completely 
saturated  in  its  natural  state.  It  was 
upon  this  kind  of  earth  that  the  subse- 
quent experiments  of  the  supporting 
power  of  the  clay  were  made.  The  pure 
clay,  obtained  by  separating  it  from  the 
sand,  weighed  116  lbs.,  and  the  sand  so 
separated  80  lbs.,  per  cubic  foot;  but, 
when  they  were  again  mixed  in  different 
proportions,  the  weight  of  the  mixture 
was  less  than   the  proportionate  means 

•  This  vein  was  dug  out,  <ind  replaced  with  clay  and 
sand  artificially  mixed,  moistened  and  slightly  rammed 
in  layers,  so  as  to  render  it  as  similar  to  the  adjacent 
natural  material  as  possiule. 
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between  them.  Earth  taken  from  the 
same  places  as  the  samples,  varied  from 
81.5  to  101.4  lbs.  per  cubic  foot,  depend- 
ing upon  the  proportions  of  the  clay  and 
sand:  and  these  weights  show,  to  some 
extent,  the  relative  supporting  power  of 
the  earth  at  the  places  from  which  the 
samples  were  taken. 

It  was  originally  intended  to  support 
the  structure  upon  wooden  piles,  of 
which  a  considerable  number  had  been 
procured  before  the  Author  was  en- 
trusted with  the  direction  of  the  work. 
Many  comparatively  large  buildings  in 
Albany  have  been  supported  upon 
wooden  piles  driven  into  the  blue  clay, 
or  upon  thick  planks  laid  under  the 
walls.  In  a  few  cases  the  wood  used  for 
this  purpose  has  been  found  in  tolerable 
preservation*  half  a  century  after  it  had 
been  buried  in  the  blue  clay;  but,  gener- 
ally, such  timber  was  much  decayed  at 
the  end  of  a  quarter  of  a  century;  and 
several  heavy  buildings,  after  having 
stood  firm  for  twenty  years,  began  to 
settle,  and  the  walls  to  crack,  in  conse- 
quence of  the  decay  of  the  wooden  sup- 
ports, and  the  unequal  settlements  there- 
from. It  appears  that  when  the  clay 
had  been  ke£>t  constantly  moist,  the 
wood  did  not  materially  decay  in  half  a 
century;  but,  wherever  the  moisture  was 
drawn  off,  the  wood  did  not  last  more 
than  twelve  years.  In  this  case,  even  if 
a  wooden  foundation  could  have  been 
arranged  so  as  to  be  kept  constantly 
wet,  it  would  have  ultimately  decayed; 
and  its  use  was,  therefore,  inadmissable. 
Cast-iron  piles  of  white  iron  could  be 
relied  upon  for  a  century  or  more,  but 
would  also  have  eventually  decayed. 

The  use  of  sand  and  concrete  piles, 
made  by  boring  or  driving  holes  into  the 
clay  and  filling  them  with  these  materi- 
als, was  also  considered.  For  reasons 
which  will  subsequently  appear,  inverted 
arches  could  only  be  used  under  a  part 
of  the  structure,!  and  it  was  deemed 
advisable  to  have  but  one  system  of  sup- 

*  In  digging  the  trenches  for  the  street  pipes  of  the  new 
waterworks  at  Albany,  the  Author  had  occasion  to  re- 
move many  of  the  old  pine  water-pipe  logs,  of  which  only 
the  sap  wood  was  decayed.  They  had  been  buried  in  blue 
clay  for  more  than  half  a  century. 

t  It  was  necessary  to  arrange  to  carry  two-thirds  of  the 
weight  upon  the  exterior,  rear,  and  court  walls,  which  are 
separated  120  feet  on  two  of  the  fronts  and  onlv  90  feet 
on  the  other  two.  Inverted  arches  spanning  three  very 
unequal  spaces  would  have  imposed  unequal  loads  upon 
the  clay  beneath,  and  their  use  would  have  defeated  the 
design  of  distributing  exactly  the  same  weight  upon  every 
part  of  the  clay  beneath  the  structure. 


port.  The  Author,  therefore,  finally 
determined  upon  the  plan  which  has 
been  executed. 

In  most  buildings,  except  where  spires 
or  towers  are  introduced,  the  weight  is 
nearly  equably  imposed  upon  the  several 
foundation  walls ;  but  in  the  Capitol  the 
main  and  pavilion  towers  are  much  high- 
er and  heavier  than  the  adjacent  walls. 
The  extremely  heavy  fire-proof  floors, 
loaded,  as  they  will  be  frequently  with 
dense  crowds  of  people,  books,  &c,  must 
necessarily  carry  their  load  to  two  only 
of  the  four  surrounding  walls,  and,  with 
some  of  the  roofs  acting  in  the  same 
manner,  will  produce  very  unequal  press- 
ures upon  the  foundations. 

The  weight  of  the  whole  building  and 
its  contents  when  in  use  will  be  200,000 
American  tons.  The  area  of  the  base  of 
the  exterior  and  court  walls,  and  the 
rear  walls  opposite,  is  about  24,000 
square  feet,  and  sustains  an  average  of 
6J  tons  per  square  foot  on  the  basement 
walls.  The  main  tower,  which  weighs 
30,000  tons,  has  an  area  of  2,508  square 
feet,  equal  to  12  tons  per  square  foot 
upon  its  foundation  walls.  The  weight 
on  the  foundation  under  the  exterior 
walls  of  the  corner  towers  is  47  tons  per 
lineal  foot;  on  the  interior  walls  of  the 
same  towers,  it  is  only  39  tons ;  and  on 
the  adjacent  division  walls,  23 J  tons. 
Still  greater  differences  in  the  weight  on 
adjacent  walls  occur  in  other  parts  of  the 
building,  especially  at  the  main  tower, 
where  the  weight  is  134  tons  per  lineal 
foot,  and  on  the  adjacent  walls  but  47 
tons  and  39  tons.  Passing  round  the 
exterior  walls  of  one  quarter  of  the 
structure  (the  remainder  being  a  repeti- 
tion of  the  same  sized  walls),  the 
weights  to  be  supported  per  lineal  foot 
are  successively  as  follows:  commencing 
at  the  main  tower,  134  tons,  (which  may 
possibly  .  be  increased) ;  the  adjacent 
walls  are  47  tons  per  lineal  foot  for  60 
feet ;  next,  44 J  tons  for  60  feet ;  next,  47 
tons  for  120  feet  (turning  the.  corner 
tower) ;  next,  44^  tons  for  60  feet ;  next, 
67  tons  for  18  feet;  and  next,  50  tons 
for  52  feet  to  the  center  of  the  south  or 
north  front.  On  the  rear  of  each  of 
these  walls,  the  interior  wall  is  loaded 
with  39  tons,  and  and  the  division  walls 
with  8£  to  23J  tons  per  lineal  foot. 

The  exterior  walls  of  cut  granite  fac- 
ing, backed  with  rubble  and  brick,  aver- 
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age  150  lbs.  per  cubic  foot.  The  floors, 
including  the  iron  box  girders,  cross 
beams,  brick  arches  and  covering,  aver- 
age -4  lbs.  per  square  foot.  The  possible 
weight  of  crowds  of  people  upon  the 
floors  is  taken  at  100  lbs.  per  square 
foot;  the  snow  upon  the  roofs,  at  two 
feet  depth,  is  12  J  lbs. ;  and  the  effect  of 
the  strongest  winds,  which  may  at  times 
be  deflected  perpendicularly  against  some 
of  the  roofs,  is  taken  at  15  lbs.  per  square 
foot.  The  calculated  weight  which  may 
come  upon  each  of  the  walls  is  as  fol- 
lows: on  the  corner  towers  and  front 
foundation  walls,  47  tons  per  lineal  foot ; 
on  the  main  east  and  west  front,  50  tons ; 
on  the  curtains,  44£  tons  ;  on  the  venti- 
lating tower,  67  tons ;  on  the  division 
walls,  extending  upwards  through  four 
stories,  23£  tons ;  on  the  jmrtition  walls 
of  two  stories,  13£  tons,  and  of  those 
which  extend  one  storey  high  8J  tons, 
])er  lineal  foot.  The  main  tower  is  de- 
signed to  be  of  stone,  except  the  portion 
immediately  below  the  dome,  which,  from 
being  so  high  from  view,  was  proposed 
to  be  made  of  iron.  If  it  should  be  of 
stone  to  the  dome,  that  change,  together 
with  some  others,  would  increase  its 
weight  to  36,000  tons,  equal  to  14.4  tons 
per  square  foot  at  the  base.  Its  footing 
stones  were  spread  to  110  feet  square, 
and  the  concrete  to  125  feet  square,  and 
five  feet  thickness.  The  weight  on  the 
clay,  with  30,000  tons,  is  1.92  ton  per 
square  foot;  and  with  36,000  tons,  it 
would  be  2.3  tons ;  but  it  was  arranged 
for  an  underpinning,  if  necessary. 

THE    EXPERIMENTS. 

For  the  purpose  of  ascertaining  the 
sustaining  power  of  the  blue  clay  in  its 
natural  condition,  two  sets  of  experi- 
ments were  made ;  in  the  first  by  press- 
ure upon  a  square  foot,  and  in  the  second 
upon  a  square  yard,  of  the  surface.  The 
machine  used  was  a  mast  of  timber  12 
inches  square,  held  perpendicularly  by 
guys,  with  a  cross  frame  for  the  weights. 
A  hole  was  dug,  3  feet  deep,  in  the  bot- 
tom of  the  blue  clay  foundation,  18 
inches  square  at  the  top,  and  14  inches 
at  the  bottom.  The  foot  of  the  machine 
was  placed  in  this  hole,  and  weights 
from  2,754  lbs.  to  23,784  lbs.  were  ap- 
plied. Small  stakes  were  driven  into  the 
ground,  in  radial  lines  from  the  center  of 
the  hole,  and  the  tops  carefully  driven  to 


the  same  level ;  and  by  means  of  a 
straight-edge  any  change  in  the  surface 
of  the  ground  adjacent  to  the  hole  could 
nadily  be  detected  and  measured. 

Table  I  shows  a  continued  settlement 
of  the  clay  under  the  foot  of  the  ma- 
chine as  the  loads  were  added,  but  no 
change  in  the  surface  of  the  adjacent 
ground  was  observed  until  an  hour  after 
a  weight  of  11,844  lbs.  had  been  applied, 
when  an  uplift  of  the  surrounding  earth 
was  noted,  in  the  form  of  a  ring  with  an 
irregular  rounded  surface,  the  content  of 
which,  above  the  previous  surface,  meas- 
ured 0.09  cubic  foot,  which  is  equivalent 
to  a  displacement  of  1.09  inch  of  clay  in 
depth  under  the  foot  of  the  machine,  or 
equal  to  one-fifth  of  the  whole  settlement 
which  had  then  occurred. 

(See  Table  on  following  page.) 

When  the  weight  had  reached  20,954 
lbs.,  and  had  rested  for  half  an  hour 
upon  the  clay,  a  further  protrusion  was 
noted.  The  form  of  the  ring  was  the 
same  as  before,  but  with  more  irregular- 
ity of  surface.  The  highest  part  of  the 
protrusion  was  from  12  to  15  inches 
from  the  edge  of  the  pit,  where  it  aver- 
aged 0.3  inch  high,  and  sloped  off  out- 
wardly to  an  average  of  4  feet  from  the 
center  of  the  hole.  This  uplifted  earth 
measured  0.606  cubic  foot,  which  is 
equivalent  to  a  displacement  7.272 
inches.  When  a  weight  of  23,784  lbs. 
had  been  applied,  and  had  rested  three 
hours  on  the  clay,  the  ring  in  the  highest 
part  averaged  0.5  inch  high,  in  the  same 
general  form  and  extent  as  before  noted. 
The  amount  of  earth  thus  raised  was 
1.01  cubic  foot,  equivalent  to  a  displace- 
ment of  12.12  inches  under  the  machine. 

Before  the  lifting  of  the  earth  sur- 
rounding the  machine  could  have  taken 
place,  the  materials  first  displaced  from 
under  the  machine  were  doubtless  forced 
among  the  particles  of  the  earth  adjacent 
to  the  hole,  and  compressed  that  earth  to 
some  extent;  and  this  operation  was 
continued  until  the  adjacent  earth  had 
become  so  compacted  as  to  cause  the 
lifts  noted  in  the  table.  The  Author  is 
of  opinion  that  the  compression  of  the 
earth  below  the  bottom  of  the  machine 
continued  without  any  considerable  dis- 
placement until  after  a  load  of  4,000  lbs. 
or  5,000  lbs.  had  been  applied,  and  that 
then  the  displaced  earth  found  space  in  the 
adjoining   earth   until  the  load  reached 
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Table  I. 


Weights. 

Settlement. 

Observ- 

Day. 

Hour. 

Dura- 
tion. 

ation. 

' 

Each. 

Total. 

Each. 

Total. 

Hours. 

lbs. 

lbs. 

Inches. 

Inches. 

1 

Mon. 

5  P.M. 

— 

2,754 

2,754 

0.288 

0.288 

j  The  weight  of  the 
(     machine.* 

2 

Tues. 

9  A.M. 

16 

— 

— 

0.612 

0.900 

— 

c< 

9    " 

— 

2,820 

5,574 

— 

— 

First  stone  added. 

3 

(< 

10  A.M. 

1 

— 

— 

0.528 

1.428 

— 

it 

10     " 

— 

6,260 

11,834 

— 

— 

j  Second  and  third 
(     stones  added. 

4 

tt 

lit " 

If 

— 

— 

4.752 

6.180 

Uplift  noted. 

— 

1 1 

111  " 

— 

3,250 

15,084 

— 

— 

Fourth  stone  added. 

5 

(  i 

1P.M. 

£ 

— 

— 

3.588 

9.768 

6 

a 

1      " 

i 

— 

— 

1.728 

11.496 

— 

tt 

1      " 

5  min. 

2,890 

17,974 

0.060 

11.556 

j_  Fifth  stone.  Imme- 

7 

i  ( 

•tt  " 

* 

— 

— 

3.288 

14.844 

)      diate  settlement. 

— 

a 

tt  " 

2,980 

20,954 

— 

— 

Sixth  stone  added. 

8 

it 

2     " 

1 
2 

— 

— 

4.128 

18.972 

Uplift  noted. 

— 

tt 

2     " 

2,830 

23,784 

— 

— 

Sev'th  stone  added. 

9 

a 

2£  ■" 

1 
2 

— 

— 

5.184 

24.156 

10 

i  i 

3     " 

1 

— 

— 

2.060 

26.216 

11 

it 

41  << 

1* 

— 

— 

1.300 

27.516 

12 

it 

5     " 

2. 
3 

— 

— 

3.084 

30.600 

Uplift  noted. 

13 

Wed. 

5  A.M. 

12 

— 

— 

0.600 

31.200 

14 

a 

8    "    . 

3 

— 

— 

— 

31.200 

j  No  settlement  after 

(        5  A.M. 

Observations  12  and  13  are  not  reliable. 
*  The  first  settlement,  noted  in  observation  1,  was  due  to  the  weight  of  the  machine,  and  was  not  a  com- 
pression, but  only  a  leveling  of  the  rough  inequalities  of  the  clay.    The  subsequent  observation  2,  of  0.612  inch, 
is  the  compression  due  to  2,754  lbs.    This  settlement  occurred  before  5  a.m. 


7,000  or  8,000.  lbs.,  when  the  uplift  became 
visible  at  the  surface  of  the  ground ;  but 
that  meanwhile  the  earth  directly  under 
the  machine  was  continually  more  and 
more  compressed  in  some  proportion  to 
the  weight  added.  The  small  area 
pressed  upon  facilitated  the  escape  of 
the  material  into  the  adjacent  earth, 
which  weighed  only  300  or  400  lbs.  per 
square  foot.  If  the  pit  had  been  deeper, 
or  the  piston  larger,  there  would  have 
been  less  displacement. 

The  second  set  of  experiments  was 
made  with  the  same  machine,  to  the  bot- 
tom of  which  was  framed  a  strong  base  3 
feet  square.  The  pit  was  sunk  2  feet 
deep  into  similar  earth,  and  was  38 
inches  square  both  at  the  top  and  at  the 
bottom.  The  stones  were  put  on  at 
intervals  of  an  hour.  There  was  no  up- 
lifting of  the  surrounding  earth. 

Table  II  shows  a  remarkable  regu- 
larity in  the  settlement  as  the  load  was 
increased,  and  a  constant  diminution 
of  the  increment  as  the  earth  became 
more  compacted.  At  the  6th  observa- 
tion, the  weight  per  square  foot  corre- 


sponded nearly  with  the  2nd  in  table  I, 
and  the  settlement  was  almost  the  same. 
The  base  was  nine  times  as  large,  so  that 
the  proportion  of  escapement  of  the  earth 
from  beneath  must  at  this  time  have  been 
very  small.  It  is  probable,  however,  that 
if  the  weights  per  square  foot  had  been 
increased  so  as  to  equal  those  in  table  L, 
a  similar  uplift  would  have  occurred, 
though  of  less  extent.  The  Author  de- 
rived from  the  tables  the  opinion  that 
the  extreme  supporting  power  of-  this 
earth  was  less  than  6  tons  per  square 
foot,  and  that  the  load  which  might  be 
safely  imposed  upon  the  clay  was  2  tons 
per  square  foot. 

(See  Table  on  following  page.) 
For  the  purpose  of  maintaining  the 
clay  beneath  the  structure  in  the  same 
condition  of  moisture,  a  deep  puddle  wall 
was  extended  entirely  around  the  found- 
ation, not  only  to  exclude  an  excess  of 
water,  which  might  reach  it  through  the 
veins  and  films  of  sand  with  considerable 
hydrostatic  head,  but  also  to  prevent  the 
egress  of  the  natural  moisture  through 
similar  veins.     Although  the  puddle  wall 
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Table  II. 


Observation. 


Machine  placed 


1st  stone  added 

2d       "        •'     

3d  and  4th  stone  added 

5th 

Gth       " 

7th 

8th 

9th 


Weight. 

Settlement. 

Each. 

Total. 

Pr.  sq.ft. 

Each. 

Total. 

lbs. 

lbs. 

lbs. 

Inch. 

Inch. 

3,228 

3,228 

359 

— 

— 

2,380 

5,608 

623 

0.050 

0.050 

3,300 

8,908 

990 

0.150 

0.200 

6,900 

15,868 

1,763 

0.166 

0.366 

2,830 

18,698 

2,078 

0.134 

0.500 

3,250 

21,948 

2,439 

0.124 

0.624 

4.420 

26,368 

2,929 

0.096 

0.720 

1,190 

27,558 

3,062 

0.080 

0.800 

2,320 

29,878 

3,320 

0.025 

0.825 

No  settlement  that 
could  be  meas- 
ured. 


Estimated. 


The  notations  of  the  settlement  were  generally  made  about  an  hour  after  the  weight  had  been  applied. 


was  carried  up  to  the  level  of  the  terrace 
which  surrounds  the  building,  yet  water 
might  find  its  way  along  the  face  and 
down  the  outside  of  the  walls,  or  possibly 
through  some  accidental  break  in  the  con- 
crete floors  within,  and  surcharge  the 
clay  below.  To  prevent  "this,  there  was 
spread  on  the  top  of  the  clay,  over  the 
whole  area  enclosed,  a  depth  of  6  inches 
of  course,  screened  gravel,  the  effect  of 
which  will  be  that  under  the  great  weight 
of  the  building,  any  excess  of  water  in 
the  clay  beneath  will  be  forced  into  this 
pervious  gravel,  and  flow  off  through  it 
to  the  drains  which  encircle  and  traverse 
the  foundations.  The  necessity  for  these 
provisions  will  be  apparent,  when  it  is 
considered  that  many  of  the  veins  of 
sand  extend  to  the  surface  of  grounds  of 
much  greater  elevation  than  the  founda- 
tions, and  that  they  communicate  with 
imperfectly  built  street  sewers  and  water 
pipes;  while  the  same  or  other  porous 
veins  extend  beneath  the  surface  to 
grounds  which  are  much  lower.  Through 
these  sources  the  clay  under  some  portions 
of  the  structure  might  be  charged  with 
water,  while  that  under  an  adjacent  wall 
might  at  the  same  time  be  drained  of 
much  of  its  natural  moisture,  and  thus 
entirely  destroy  the  design  of  a  founda- 
tion which  should  everywhere  have  an 
equal  sustaining  power.  It  is  not  an  ab- 
solute settlement  which  is  to  be  appre- 
hended, but  a  greater  yielding  in  one 
place  than  in  another. 

A  common   practice  of  builders  who 
have  occasion  to  erect  high  and  compar- 


atively heavy  towers  and  spires,  is  to 
groove  the  lower  part  into  the  adjacent 
walls,  so  as  to  allow  the  heavier  ones  to 
slide  in  these  grooves,  without  breaking 
the  bonding  stones.  In  the  present  case, 
the  demands  of  the  architect  forbad  the 
use  of  grooving,  and  hence  the  necessity 
for  the  above  provisions. 

The  main  walls  of  the  building  are  from 
5  to  7  feet  thick,  where  they  rest  upon 
the  foundation  walls,  and  bring  upon 
them  pressures  of  from  6  to  9  tons  per 
square  foot,  which  had  to  be  reduced  to 
2  tons  per  square  foot  on  the  clay.  This 
was  accomplished  by  projecting  each  of 
the  footing  courses  beyond  those  imme- 
diately above  them.  The  rule  was  to 
commence  with  a  load  of  2  tons  per  square 
foot  upon  the  clay,  3  tons  upon  the  top 
of  the  concrete,  and  generally  4,  5,  6,  or 
7  tons  upon  each  succeeding  course  of 
stone.  The  weight  on  each  lineal  foot  of 
the  top  of  the  foundation  walls,  divided 
by  the  above  pressures,  gives  the  exact 
width  of  each  course  of  the  footing  stones 
as  shown  in  Table  III. 

(See  Table  on  following  page.) 

The  large  quantity  of  stone  required  in 
a  short  time, — 50,000  tons  in  four  months 
— compelled  a  resort  to  a  great  many 
quarries,  which  furnished  stones  of  dif- 
ferent thicknesses,  and  made  it  necessary 
to  modify  the  above  exact  arrangement ; 
but  the  principal  of  the  distribution  of 
the  load,  according  to  the  vertical  strength 
of  the  stone  used,  was  maintained  through- 
out the  foundations. 

It  was  necessary  to  consider  how  far 
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Table  III. 


Load 

per 

Lineal 

Foot. 

Required  width  of  Course. 

Parts  of  the  Building. 

Con- 
crete. 

Courses  of  Footings. 

Main 
Walls. 

1st. 

2d. 

3d. 

4th. 

5th. 

Corner  towers,  front. 
"          "       rear. . 

Central  fronts 

Partitions,  4  stories . . 
2       "     .. 

Tons. 
47 
39 
44| 
50 
23i 
13i 
8! 

Ft.  Ins. 
23    6 
19    6 
22    3 
25    0 
11    9 
6    9 
4    3 

Ft.  Ins. 

15  8 

13  0 

14  8 

16  8 
7  10 
4    6 
2    5 

Ft.  Ins. 

11    9 

9    9 

11  1 

12  6 
5  11 
3    5 
2    2 

Ft.  Ins. 
9    4 

7  10 

8  11 
10    0 

4    9 
3    0 
2    0 

Ft.  Ins. 
7  10 

6  6 

7  5 

8  4 
3  11 

Ft.  Ins. 
7    4 

5  6 

6  5 

7  2 
3    5 

Ft.  Ins, 
7    0 

5  0 
H    5 

6  5 
3    0 
3    0 
2    0 

these  projections  could  be  made  without 
danger  of  breakage  of  the  projecting  part 
of  the  stone.  The  pressure  in  this  case 
tending  to  break  the  stone  is  that  due 
to  the  weight  on  the  wall  above  it,  divided 
by  the  width  of  the  wall  and  multiplied 
by  the  area  of  the  projection,  and  to  treat 
that  result  as  a  load  distributed  on  a  beam 
supported  on  one  end. 

To   distribute   the   weight   upon    the 
footing-stone  courses  with  certainty,  the 
beds  of  the  limestone  and  granite  were 
dressed  to  close  parallel  joints,  so  that 
the  weight  of  each  of  the  upper  courses 
should  be  carried  out  to  the  extremity  of 
the  next  course  below.    The  vertical  j oints 
were  only  required  to  be  quarry  joints, 
not  exceeding  1  inch  wide.    For  certainty 
and  convenience  of  laying  the  masonry, 
the  foundation  stones  were  all  required 
to  be  rectangular  blocks,  of  from  18  to 
24  inches  in  thickness,  the  breadth  to  be 
at  least  one  and  a-half  time  the  thickness, 
and  the  length  two  and  a-half  times  the 
thickness.     The  average  size  of  all  the 
stones  was  31  cubic  feet,  equal  to  2 \  tons, 
and  many  of  them  were  from  5  to  8  tons 
weight.     In  the  foundations  of  the  main 
tower,  the  average  weight  of  the  granite 
blocks  was  4  tons,  and  of  the  projecting 
blocks    7    tons.      The    footing    courses 
were   spread  out  equi-distant   from   the 
lines   of   the   center   of    gravity   of   the 
imposed    weight   above.      The    exterior 
stones  of  the  three  lower  footing  courses 
were  all  headers  from  4J  to  7  feet  in 
length.     The  longitudinal   bonding  was 
made  by  the  interior  stone ;  and  in  the 
upper    courses,    where    the    projections 
were  smaller,  by  alternate  headers  and 


stretchers  of  the  front  stone,  as  well  as 
the  interior.  The  result  of  this  bonding 
will  be  to  distribute  the  weight  and 
equalize  its  pressure  upon  the  clay. 

The  weight  of  the  main  tower  was  so 
much  greater  than  that  of  the  other 
walls,  and  the  earth  below  it  so  much 
inferior,  that  the  foundation  was  placed 
7  feet  deeper  than  elsewhere.  With  this 
exception,  all  the  walls  was  commenced 
at  the  same  level.  The  spaces  between 
the  main  exterior,  rear  and  division 
walls,  and  under  the  arches  of  the 
central  court,  were  covered  with  a  layer 
of  concrete,  made  of  screened  gravel  and 
hydraulic  cement,  1  foot  to  2  feet  thick. 


Respecting  the  East  River  Bridge  the 
North  American  indulges  in  the  follow- 
ing:— "  The  East  River  Bridge  is  likely 
to  remain  in  the  position  of  Mahomet's 
coffin  for  some  time  to  come,  according 
to  present  appearances.  John  Kelly  will 
not  permit  any  more  money  to  go-  out  of 
the  city  treasury  towards  its  completion 
if  he  can  help  it,  and  now  the  city  of 
Brooklyn,  which  has  been  paying  its 
proportion  without  any  delay,  has  de- 
cided not  to  spend  another  cent  until 
New  York  pays  up  her  share."  Appar- 
ently the  individual  without  reference  to 
whom  so  many  of  the  "'  London  letters  " 
of  our  country  contemporaries  could  not 
be  written,  has  also  a  contemplative 
scene  to  perform  in  America,  for  the 
writer  concludes,  "Can  it  be  that  the 
solitary  New  Zealander  will  still  find  a 
seat  waiting  for  him  on  the  piers'?" 

— JEJngineer. 
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THE  BRUSH  SYSTEM  OF  ELECTRIC  LIGHTING. 

By  CHARLES  F.  BRUSH,  M.E 
Contributed  to  Van  Nostrand's  Magazine. 


PECULIAR  FEATURES  OF  THE  DYNAMO-ELECTRIC 
MACHINE. 

The  most  prominent  peculiarities  of 
the  Brush  dynamo-electric  machine  are 
embodied  in  the  armature,  the  arrange- 
ment of  field  magnets,  and  the  commu- 
tator. 

The  armature  consists  of  a  flat  ring  of 
soft  cast-iron,  revolving  in  its  own  plane. 
This  ring  is  composed  of  two  or  more 
parts,  each  provided  with  a  series  of 
grooves,  and  insulated  from  each  other, 
all  in  such  a  manner  as  effectually  to 
prevent  the  induction  of  currents  in  the 
iron  itself  when  it  is  revolved  in  a  mag- 
netic field.  On  this  ring  are  wound 
eight  bobbins  of  armature  conductor, 
whose  planes  radiate  from  the  axis  of 
rotation. 

The  field  magnets  of  the  machine  face 
both  sides  of  the  armature,  in  the  plane 
of  its  rotation;  thus  both  sides  of  the 
flat  bobbins  of  armature  conductor  are 
exposed  to  the  direct  inductive  influence 
of  the  magnets.  This  arrangement  of 
armature  and  magnets  differs  radically 
from  that  adopted  in  the  Gramme  ma- 
chine, the  only  other  dynamo-electric  ma- 
chine of  note  in  which  an  annular  arma- 
ture is  employed. 

Field  magnets  of  opposite  polarity  are 
applied  to  diametrically  opposite  points 
of  the  annular  armature,  which  then  con- 
sists practically  of  two  semicircular 
magnets,  having  their  like  poles  joined. 
Each  of  these  semi-circular  armature 
magnets,  if  straightened  out,  would  be 
much  longer  than  its  own  diameter,  and 
would  have  its  bobbins  wound  at  right 
angles  to  its  axis,  and  covering  the  great- 
er part  of  its  length.  Now  it  will  be 
evident,  that  with  a  given  length  and 
weight  of  armature  conductor,  a  very 
much  greater  number  of  convolutions 
may  be  formed  on  such  an  armature,  than 
would  be  possible  on  other  armatures 
whose  length,  from  pole  to  pole,  is  short 
compared  with  their  diameter.  But  in- 
asmuch as  the  field  magnets  are  applied 
to  both  sides  and  very  nearly  the  whole 
length  of  the  long  armature,  the  mag- 
netic field  in  which  the  bobbins  of  con- 


ductor move,  is  quite  as  intense  as  that 
obtainable  when  any  other  form  of  arma- 
ture is  employed,  and  perhaps  more  so ; 
hence  the  electro-motive  force  of  current 
obtainable  with  an  armature  conductor 
of  given  resistance  is,  ceteris  paribus, 
very  much  greater  with  this  form  of 
armature  than  with  any  other.  For  a 
practical  demonstration  of  this  let  us 
consider  the  Brush  machine  known  as 
size  number  7.  In  this  machine  the  re- 
sistance of  the  armature  conductor, 
measured  through  the  brushes  on  the 
commutator  (the  resistance  is  the  same 
in  all  positions  of  the  commutator),  is 
about  four  ohms;  in  some  machines  a 
trifle  more,  in  others  a  trifle  less,  accord- 
ing to  the  purity  of  the  copper  wire  em- 
ployed. When  the  armature  is  rotated 
at  its  normal  speed  of  seven  hundred 
and  fifty  revolutions  per  minute,  in  its 
normal  magnetic  field,  the  electro-motive 
force  developed  in  its  conductor  is  suffi- 
cient to  maintain  its  normal  volume  of 
current  through  an  external  resistance, 
including  the  field  magnets  of  the  ma- 
chine, of  fully  eighty  ohms ;  or  through 
a  resistance  twenty  times  as  great  as  its 
own.  No  other  form  of  dynamo-electric 
machine  has  yet  shown  a  result  compar- 
able with  this. 

This  current  operates  from  sixteen  to 
eighteen  powerful  electric  lights  arranged 
in  a  single  circuit,  giving  to  each  an  arc 
of  about  two  millimeters  length.  The 
resistance  of  these  arcs  averages  about 
four  and  a-half  ohms  each,  as  shown  by 
many  careful  measurements  of  different 
lamps,  both  singly  and  in  groups.  (The 
measurements  included  the  magnet  helix 
of  each  lamp,  the  resistance  of  which  is, 
however,  quite  small  and  will  be  given 
further  on.) 

The  bobbins  of  wire  on  the  armature 
of  the  Brush  machine  are  not  connected 
together  in  a  single  circuit,  but  each  pair 
of  diametrically  opposite  bobbins  only, 
are  connected  together.  The  two  free 
ends  of  the  conductor,  thus  formed  of 
each  pair  of  bobbins,  are  carried  to  the 
commutator  and  attached  to  diametri- 
cally opposite  segments  thereon,  which 
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segments  are  not  connected  with  any- 
other  bobbins.  Thus  each  pair  of  bob- 
bins is  entirely  independent  of  any  other 
pair. 

In  this  arrangment,  which  secures  im- 
portant advantages,  the  Brush  machine 
again  differs  radically  from  the  Gramme, 
and  all  similar  continuous-current  ma- 
chines. 

The  commutator  consists  of  four  sep- 
arate rings  of  metal,  each  ring  consisting 
of  two  nearly  semi-circular  segments, 
whose  ends,  on  one  side,  are  separated 
by  a  considerable  space.  This  space  is 
occupied  by  a  piece  of  metal  attached  to 
an  adjoining  ring,  and  known  as  an  "in- 
sulator." It  is  insulated  by  an  air  space 
from  each  of  the  segments  between  whose 
ends  it  is  located,  the  other  ends  of  the 
segments  being  simply  separated  by  a 
single  air  space.  The  office  of  the  "  in- 
sulator "  is  to  separate  either  of  the 
brushes,  which  collect  the  currents  from 
the  commutator,  from  both  segments 
during  a  certain  interval,  and  twice  in 
each  revolution  of  the  commutator.  Dur- 
ing these  separations,  the  two  bobbins  of 
wire  on  the  armature  which  are  connect- 
ed with  the  pair  of  segments,  are  not 
only  out  of  the  general  circuit,  but  are 
open-circuited  themselves,  so  that  no 
current  can  circulate  in  them. 

Each  pair  of  bobbins  on  the  armature 
is  thus  provided  with  a  commutator  ring, 
and  the  segments  of  this  ring  occupy  the 
same  angular  position  with  regard  to 
other  segments,  that  its  bobbins  occupy 
with  regard  to  bobbins  attached  to  the 
said  other  segments. 

It  will  now  be  seen  that  only  one  pair 
of  armature  bobbins  is  out  of  the  gen- 
eral circuit  at  one  time ;  and  this  is  made 
to  occur  when  the  said  bobbins  are  at 
and  near  the  neutral  points  of  the  arma- 
ture, and  are  not  in  a  condition  to  con- 
tribute to  the  general  current.  Now,  if 
it  were  not  for  the  "  insulators  "  above 
described,  the  idle  bobbins  would  afford 
an  easy  passage  for  the  current  from  the 
active  bobbins,  and  thus  destroy  the  effi- 
ciency of  the  apparatus. 

The  Gramme  form  of  commutator, 
which  is  employed  for  the  production  of 
continuous  currents  in  all  machines  other 
than  the  Brush,  involves  serious  disad- 
vantages, from  which  the  Brush  form  of 
commutator  is  free.     The  principal  diffi- 


culty arising  from  the  use  of  the  former 
is  this: — The  bobbins  of  wire,  when  at 
and  near  the  neutral  points  of  the  arma- 
ture, contribute  little  or  no  useful  effect ; 
but  the  current  from  the  other  bobbins 
must  pass  through  them  in  order  to 
reach  the  brushes,  thus  experiencing  a 
considerable  and  entirely  useless  resist- 
ance, and,  owing  to  the  opposite  direc- 
tions of  the  currents  through  the  active 
bobbins  on  opposite  sides  of  the  neutral 
points,  these  currents  by  passing  through 
the  idle  bobbins,  tend  strongly  to  pro- 
duce "consequent"  points  in  the  armature 
where  the  neutral  points  should  be ;  thus 
interfering  seriously  with  the  proper 
distribution  of  the  armature's  magnet- 
ism. 

It  may  be  argued  that  the  evil  above 
indicated  is  eliminated  by  allowing  each 
of  the  brushes  to  embrace  several  sec- 
tions of  the  commutator,  corresponding 
to  bobbins  on  both  sides  of  each  neutral 
point;  this  is  no  doubt  true  to  some 
extent,  but  another,  and  perhaps  worse 
evil  is  thus  introduced;  the  bobbins  cor- 
responding to  the  commutator  sections 
embraced  by  each  brush,  are  short- 
circuted  in  themselves,  through  the 
brush,  and,  owing  to  their  comparatively 
small  resistance,  powerful  currents  are 
developed  in  them.  These  currents  ab- 
sorb much  motive  power  in  their  produc- 
tion, and  rapidly  heat  the  bobbins. 

Again,  during  each  revolution  of  the 
Gramme  commutator,  each  brush  must 
break  and  make  again,  as  many  contacts 
as  there  are  sections  of  the  former,  and 
each  act  involves  the  whole  current; 
while  with  the  Brush  commutator,  only 
two  contacts  and  breaks  occur  with  each 
brush  in  each  revolution,  and  these  suc- 
cessively in  the  different  rings,  so  that 
but -one-fourth  of  the  whole  current  is 
involved  at  one  time. 

Further,  the  use  of  oil  for  lubrication, 
appears  to  be  impracticable  with  the 
Gramme  form  of  commutator,  while  it 
may  always  be  employed  on  the  Brush 
commutator  with  great  advantage. 
Thus  the  durability  of  this  commutator 
is  made  immensely  greater  than  that  of 
the  other. 

When  necessary,  the  wearing  seg- 
ments of  the  commutator  may  be  re- 
placed by  duplicate  pieces  in  a  very  few 
minutes  by  any  mechanic. 
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FEATURES    OF    THE    LAMPS. 

These  are:  very  great  simplicity  of  con- 
struction; ensuring  ease  of  management, 
safety  against  internal  derangement,  and 
securing  great  regularity  of  working: — 
the  double-magnet  circuit  conveying 
currents  of  opposite  direction,  by  means 
of  which  any  number  of  lamps  may  be 
operated  in  a  single  circuit  without  any 
irregularity  of  action: — the  short-circuit- 
ing safety  attachment,  by  which  any 
lamp  offering  an  abnormally  great  resist- 
ance, owing  to  the  final  consumption  of 
its  carbon,  or  other  cause,  will,  without 
any  change  of  strength  in  the  main  cur- 
rent, automatically  short-circuit  the  said 
lamp,  and  thus  preserve  the  integrity  of 
the  general  circuit: — the  multiple  sets  of 
carbons,  burning  successively,  without 
the  intervention  of  any  switching  or 
other  special  mechanism,  and  yet  secur- 
ing the  maintainance  of  the  light  for  any  j 
desirable  length  of  time  without  requir- 
ing attention ;  lastly,  the  absence  of  any  | 
adjustment  to  be  made  by  the  attendant,  j 
other  than  placing  the  carbons. 

These  lamps  contain  no  clock-work  or 
similar  mechanism  of  any  kind.  The 
movement  of  the  upper  carbon,  actuated  i 
by  gravity,  is  controlled  by  a  simple ! 
annular  clamp  which  surrounds  the  rod  j 
carrying  the  carbon.  When  the  lamp  is 
in  operation,  one  side  of  this  clamp  is 
lifted  by  magnetic  action ;  this  causes  it 
to  grasp  and  raise  the  rod,  and  thus  sep- 
arate the  carbons.  As  the  carbons  burn 
away,  the  magnetic  action  diminishes, 
and  the  clamp  and  rod  move  gradually 
downward,  maintaining  only  a  proper 
separation  of  the  carbons ;  but  when  the 
tilted  annular  clamp  finally  touches  the 
supporting  floor  from  which  it  started, 
any  further  downward  movement  will  at 
once  release  the  rod  and  allow  it  to  slide 
through  the  clamp,  until  the  latter  is 
again  brought  into  action  by  the  in- 
creased magnetism  due  to  the  shortened 
arc  between  the  carbons.  In  continued 
operation,  the  normal  position  of  the 
clamp  is  in  contact  with  its  lower  sup- 
port, the  office  of  the  controlling  magnet 
being  to  regulate  the  sliding  of  the  rod 
through  it.  If,  however,  the  rod  acci- 
dentally slides  too  far,  it  will  instantly  and 
automatically  be  raised  again,  as  at  first, 
and  the  carbon  points  thus  maintained  in 
proper  relation  to  each  other. 

Each  magnet  helix  is  first  wound  with 


a  few  layers  of  coarse  wire,  through 
which  the  main  portion  of  the  current 
operating  the  lamp  passes.  Over  this 
coarse  wire  is  wound  a  very  much  great- 
er length  of  fine  wire,  having  its  ends 
connected  with  the  terminals  of  the 
lamp,  but  in  such  a  manner  that  the 
electric  current  shall  pass  through  it  in 
a  direction  opposite  to  that  in  the  coarse- 
wire  helix.  Thus  the  fine  wire  forms  a 
secondary  circuit  of  high  resistance 
through  the  lamp,  which  circuit  is  inde- 
pendent of  the  arc  between  the  carbons, 
and  is  always  closed.  It  follows  from 
the  difference  in  direction  of  the  current 
in  the  two  helices,  that  the  fine-wire  helix 
will  constantly  tend  to  neutralize  the 
magnetism  produced  by  the  coarse-wire 
or  principal  helix.  The  number  of  con- 
volutions of  the  fine-wire  helix  and  its 
resistance,  are  so  proportioned  to  the 
number  of  convolutions  in  the  principal 
helix,  and  its  resistance  together  with 
that  of  the  normal  voltaic  arc,  that  the 
magnetizing  power  of  the  latter  shall  be 
much  greater  than  that  of  the  former. 
Notwithstanding  the  small  amount  of 
current  which  passes  through  the  fine- 
wire  helix  (about  one  per  cent,  of  the 
whole  current),  its  magnetic  power  is  very 
considerable,  owing  to  its  great  number 
of  convolutions. 

Now  when  a  number  of  regulators 
provided  with  these  double  helices  are 
operated  in  a  single  circuit,  great  uni- 
formity of  action  will  be  maintained 
owing  to  the  peculiar  function  of  the 
secondary  helix.  Thus,  when  any  lamp 
gains  more  than  its  normal  arc,  the 
resistance  .of  its  main  circuit  is  thereby 
increased;  more  current  is  consequently 
shunted  through  its  secondary  helix,  and 
the  resultant  magnetism  is  diminished, 
allowing  the  carbons  to  approach.  On 
the  other  hand,  if  an  arc  becomes  too 
short,  its  resistance  is  reduced,  and  less 
current  is  shunted  through  the  corre- 
sponding secondary  helix;  consequently 
the  working  magnetism  in  that  lamp  is 
increased,  and  its  carbons  are  drawn 
further  apart.  Thus  it  will  be  seen  that, 
although  the  general  strength  of  the 
current  operating  a  large  number 
of  these  lamps  does  not  vary,  each 
lamp  performs  its  regulating  functions 
through  the  agency  of  varying  magnet- 
ism, precisely  as  though  it  were  the  only 
lamp  being  operated. 
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In  practice,  the  resistance  of  the  fine- 
wire  helix  or  helices  in  each  lamp  is 
rather  more  than  four  hundred  and  fifty 
ohms ;  while  the  resistance  of  the  coarse 
wire,  various  connections,  carbons,  and 
voltaic  arc,  in  each  lamp  used  with  the 
sixteen-light  machine,  is  about  four  and 
a-half  ohms.  Hence  not  more  than  one 
per  cent,  of  the  whole  current  is  diverted 
from  the  arc.  The  resistance  of  the 
coarse- wire  helix,  carbons  (copper-coated), 
connections,  etc.,  in  each  lamp  is  very 
small.  To  determine  this  resistance,  six- 
teen lamps  were  connected  in  series  in 
the  usual  manner,  about  two  hundred 
feet  of  number  ten  copper  circuit  wire 
being  used.  Full  length  carbons  were 
then  placed  in  the  lamps,  and  the  upper 
and  lower  carbon  of  each  lamp  were 
connected  by  means  of  a  strip  of  sheet 
copper  wired  to  each  carbon.  The  re- 
sistance of  the  whole  set  was  then  meas- 
ured, and  found  to  be  2.10  ohms,  show- 
ing a  resistance  for  each  lamp  with  its 
carbon,  of  .131  ohm.  This  is  2.91  per 
cent,  of  the  whole 'resistance  of  the 
lamp  when  in  operation.  To  this  loss 
must  be  added  the  one  per  cent,  due  to 
that  amount  of  current  diverted  from  the 
arc  by  the  fine-wire  regulating  helix, 
making  a  total  loss  of  3.91  per  cent. 
The  remaining  96.09  per  cent,  of  the 
whole  energy  absorbed  in  each  lamp,  ap- 
pears in  the  arc  between  its  carbons. 

The  shunting  or  short-circuiting  device 
in  each  lamp,  consists  of  a  small  magnet 
core,  surrounded  by  a  coarse  and  a  fine 
wire  helix  similar  to  those  of  the  work- 
ing magnet.  No  current  passes  through 
the  coarse  wire  until  the  magnet  which 
it  surrounds  has  raised  its  armature.  The 
latter,  together  with  the  coarse  wire, 
then  form  a  part  of  the  short  circuit  es- 
tablished through  the  lamp.  The  fine- 
wire  helix  of  the  shunt  is  put  in  the  cir- 
cuit of  the  fine  wire  regulating  helices 
before  described.  During  the  normal 
operation  of  the  lamp,  this  fine-wire 
helix  exercises  a  magnetizing  influence 
on  its  inclosed  core,  which  thus  attracts 
its  armature  with  a  certain  degree  of 
force,  but  not  enough  to  lift  it.  But 
when,  through  the  exhaustion  of  the  car- 
bons in  the  lamp,  or  from  their  failing 
properly  to  feed  together,  the  arc  be- 
tween them  becomes  considerably  length- 
ened, thus  developing  an  abnormally 
great  resistance  in  the  lamp,  a  greatly 


increased  current  will  be  shunted  through 
the  fine-wire  helix,  the  iron  core  of  the 
latter  will  raise  its  armature,  and  thus 
establish  a  circuit  of  low  resistance 
through  the  lamp,  independent  of  its 
carbons. 

Evidently,  when  the  short  circuit  is 
closed  as  above,  very  little  current  circu- 
lates in  the  fine-wire  helix,  and  the  mag- 
net would  drop  its  armature  and  thus 
open  the  circuit,  were  the  armature  not 
retained  by  some  means  other  than  the 
magnetism  due  to  this  helix ;  but  it  will 
be  remembered  that  the  coarse-wire  helix 
surrounding  the  same  iron  core  is  now 
brought  into  action,  and  by  this  means 
the  armature  is  retained. 

This  simple  cut-out  mechanism  effec 
tually  guards  against  all  the  dangers  of 
general  extinction,  which  are  always 
present  when  many  lamps  are  burned  in 
a  single  circuit.  It  will  be  noticed  that 
it  operates  without  any  change  in  the 
strength  of  the  general  current  operat- 
ing a  system  of  many  lamps ;  and  herein 
lies  its  great  merit.  No  effect  is  pro- 
duced in  any  lamp  other  than  the  faulty 
one,  except  a  slight  case  of  brilliancy 
after  the  "cut  out"  of  the  latter  has 
acted.  The  extinction  of  a  lamp  neces- 
sarily calls  attention  to  it  at  once,  and 
the  renewal  of  its  carbons  may  be  ef- 
fected in  a  few  seconds.  As  soon  as  the 
renewed  carbons  come  into  contact,  a 
considerable  portion  of  the  current 
through  the  lamp  is  diverted  from  the 
magnet  of  the  cut-out  device,  by  the 
passage  afforded  through  the  carbons ; 
thus  the  retaining  magnet  is  so  weakened 
that  it  drops  its  armature  and  restores 
the  whole  current  to  the  carbons,  and 
the  light  is  re-established. 

The  carbons  employed  in  these  lamps 
are  covered  with  a  thin  coating  of  cop- 
per, and  are  twelve  inches  long.  They 
burn,  without  renewal,  about  eight  hours, 
during  which  time  about  nine  and  a-half 
inches  of  the  positive,  and  four  inches  of 
the  negative  are  consumed. 

When  it  becomes  desirable  to  operate 
the  lamps  more  than  eight  hours  contin- 
uously, "double-rod"  lamps  are  used. 
In  each  of  these  lamps  two  movable 
rods,  and  two  sets  of  carbons  are  em- 
ployed. The  rods  are  placed  three 
inches  apart,  and  each  is  moved  and 
controlled  in  the  manner  already  de- 
scribed.    But  both  rods  are  actuated  by 
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■   single  magnet,  the  same  as  that  cm  iyely,  and  feed  them  in  the  reverse  order, 

ployed    in     the    single-rod    lamp.       The  as  before. 

simple  lifting  mechanism  connected  with       A  notable  feature  of  the  Brush  lamps 

the  magni  i  arranged  that  one  o\'  is  the  absence  of  any  adjustment  requir- 

the  rods  is  lifted  slightly  in  advance  of  inff  the  attention  of  the  user ;  he  has  but 


the  other.  Now,  when  the  electric  cur- 
rent hrst  passes  through  such  a  lamp, 
the  two  sets  of  carbons,  having-  their 
members  in  contact,  will  divide  the 
current  between  them:  but  as  soon  as 
the  members  of  one  set  are  separated  by 
the  action  of  the  magnet,  the  whole 
current  is  thrown  through  the  other  set 


to  insert  the  carbons,  and  the  lamps  are 
always  ready  for  action. 


RESULTS    ATTAINED. 


On  August  22d,  23d  and  25th,  1879,  a 
system  of  very  careful  measurements, 
both  electrical  and  dynamic,  were  made 
by  thoroughly  competent  persons  for  the 


without  showing  any  spark  between  the  purpose  of  accurately  determining  the 
members  of  the  set  first  separated,  j  efficiency  of  the  Brush  machine  and 
When  the  continued  action  of  the  mag- '  lamps.  These  measurements  were  made 
net  separates  the  remaining  pair  of  I  at  the  works  of  the  Telegraph  Supply 
carbons,  the  voltaic  arc  appears,  and  the  \  Co.,  Cleveland.  The  machine  used  was 
light  is  established.  It  must  now  be  of  the  size  known  as  No.  7 ;  its  individ- 
evident  that  the  clamp  which  was  the  ual  mark,  distinguishing  it  from  other 
last  to  raise  its  rod,  will  be  the  first  to  ■  machines  of  the  same  class,  being  "  Y." 
release  it  when  a  forward  movement  of  Tins  machine  differed  in  no  respect  from 
the  carbon  becomes  necessarv.     Hence,   others  of  the  same  size,  and  there  is  no 


the  set  of  carbons  which  first  commenced 
to  burn,  will  continue  to  do  so  until 
consumed ;  the  other  set  remaining  sepa- 
rated as  at  first.  But  when  the  burning 
carbons  are  exhausted,  and  can  no  longer 
move  forward,  any  further  effort  of  the 
magnet  to  feed  them,  will  at  once  bring 
the  reserve  set  of  carbons  into  contact; 
the  whole  current  will  then  pass  through 
this  set,  leaving  the  other  carbons  with- 
out current,  and  permanently  separated. 


reason  to  suppose  that  its  performance 
was  above  or  below  the  average.  Six- 
teen lamps  of  the  usual  pattern  were 
employed,  with  about  two  hundred  feet 
of  copper  line  wire  No.  10. 

The  machine  was  driven  by  a  "  Buck- 
eye" engine  with  automatic  cut  off,  run- 
ning at  a  speed  of  157  revolutions  per 
minute.  This  gave  to  the  machine  an 
average  speed,  during  all  of  the  experi- 
ments,  of   770  revolutions   per   minute. 


The  reserve  set  of  carbons  will  now  be  I  The  normal  speed  of  these  machines  is 
separated  by  the  magnet,  and  burn  con- !  750  revolutions  per  minute,  at  which 
tinuously.  In  practice,  the  transfer  of  j  speed  they  operate  sixteen  lamps  nor- 
the  voltaic  arc  from  one  set  of  carbons  to  !  mally,  giving  to  each  an  arc  of  about  two 
the  other,  is  accomplished  instantaneous-  millimeters  length.  At  the  speed  at 
ly,  and  is  scarcely  noticeable.  which  these  measurements  were   made, 

It  will  be  seen  that  this  simple  ar-  j  the  sixteen  arcs  were  perceptibly  length- 
rangement  cannot  possibly  fail  in  its '  ened,  and,  of  course,  more  than  the 
function,  there  being  no  switch  to  get  normal   amount   of   driving   power    was 


out  of  order,  or  contact  surfaces  to  be- 


required.     But  as  this  produces  a  nearly 


come  burned ;  further,  that  it  is  perfectly  corresponding    increase   of    current,    no 

automatic,  and  operates  at  the  instant  a  attempt  was  made  to  bring   the   speed 

change     becomes     necessary,    and     not  nearer  to  the  normal  point,  because  of 

sooner.  the  difficulty  of  changing  the  speed  of 

By  means  of  these  double-rod  lamps,  a  the  engine, 

system  of  lights  may  be  maintained  in  I      The  machine  being  entirely  new,  the 

continuous  operation  sixteen  hours  with-  bearings    heated     considerably.      Some 

out    requiring   any   attention.      This   is  driving  power  must  have  been  wasted  on 

sufficient  for  the  longest   winter  night,  this  account. 

But  by  introducing  three  rods,  and  thr<  The     first     electrical     measurements 

sets  of  carbons  in  each  lamp,  the  lights  made,  were  for  the  purpose  of  determin- 

may  be  maintained  quite  as  easily  and  ing  the  difference  of   potential  existing 

certainly  for  twenty-four  hours.     In  this  at  the  terminals  of  each  lamp.     Tins  was 

case  the  clamps  lift  their  rods   success-  done  by  a  method  devised  by  the  writer. 
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A  battery  of  48  small  Daniell's  cells  was 
constructed  on  the  "  gravity  "  plan,  care- 
fully insulated,  and  freshly  charged  with 
sulphates  of  copper  and  zinc  to  ensure 
normal  action.  The  sixteen  lamps  hav- 
ing been  adjusted  to  furnish  arcs  as 
nearly  equal  as  possible,  the  positive 
terminal  of  one  lamp  was  connected  with 
the  positive  terminal  of  the  battery; 
while  the  negative  terminal  of  the  same 
lamp  was  connected  with  the  negative 
end  of  the  battery;  a  very  sensitive 
galvanometer  being  interposed.  Now,  it 
is  evident  that  if  the  difference  of  poten- 
tial between  the  ends  of  the  battery  is 
greater  than  that  between  the  terminals 
of  the  lamp,  current  will  circulate  in  its 
normal  direction  through  the  battery, 
and  will  be  indicated  by  the  galvano- 
meter; but  if  this  potential  is  less  than 
that  of  the  lamp,  current  will  also  flow 
through  the  battery,  but  in  a  reverse 
direction,  and  will  also  be  indicated  by 
the  galvanometer;  while  if  the  potential 
is  the  same  in  both,  no  current  will  pass 
in  either  direction  through  the  battery, 
and  the  galvanometer  will  show  no 
deflection. 

As  was  expected,  the  potential  of  the 
battery  proved  to  be  higher  than  that  of 
the  lamp.  By  means  of  a  simple  ar- 
rangement, any  number  of  the  battery 
cells  could  be  included  in  the  circuit  at 
pleasure.  Such  a  number  was  chosen 
that  the  galvanometer  indicated  no  cur- 
rent or  currents  fluctuating  from  zero, 
equally  in  both  directions.  The  appear- 
ance of  the  arc  in  the  lamp  was  then 
carefully  noted,  and  the  speed  of  the 
machine  counted.  From  time  to  time 
the  condition  of  the  arc  would  change 
slightly,  or  the  speed  of  the  machine 
would  vary  a  little,  and  then  more  or  less 
battery  would  be  necessary  to  effect  the 
balance.  When  such  changes  occurred, 
another  set  of  observations  was  made  as 
before,  and  so  on,  until  results  corre- 
sponding to  the  average  working  of  the 
lamp  were  secured.  The  large  number 
of  observations  made,  sufficiently  elimin- 
ated the  error  due  to  the  fact,  that  no 
fraction  of  a  single  cell  of  the  battery 
could  be  used  in  the  experiments.  This 
method  of  measuring  the  difference  of 
potential  between  the  terminals  of  the 
lamp,  proved  to  be  extremely  satisfactory 
and  certain  in  its  operation ;  the  addition 
or  subtraction  of  a  single  cell  of  battery 


being  sufficient  to  deflect  the  galvano- 
meter needle  strongly  to  the  right  or 
left.  * 

A  series  of  observations  was  thus  made 
on  each  of  eleven  of  the  sixteen  lamps, 
selected  at  random,  and  as  the  results 
obtained  from  the  various  lamps  agreed 
very  closely,  it  was  deemed  unnecessary 
to  carry  the  process  further. 

The  difference  of  potential  between 
the  terminals  of  the  average  lamp  was 
thus  found  to  be  equal  to  that  of  42.46 
cells  of  the  battery,  at  an  average  speed 
in  the  machine  of  770  revolutions  per 
minute. 

The  next  point  to  be  determined  was 
the  resistance  of  the  average  lamp.     For 
this  purpose  a  resistance  consisting  of 
coils  of  coarse  copper  wire  was  substi- 
tuted for  one  of  the  lamps,  and  made  of 
such  amount  that  42  cells  of  the  battery 
exactly  balanced  the  difference  of  poten- 
tial between  the  two  ends  of  the  resist- 
ance, while  the  speed  of  the  machine  was 
770.    This  resistance  wire  weighed  nearly 
seven    hundred    pounds,   and  was    but 
slightly  warmed  during  the  experiment. 
Its    resistance    was    then    immediately 
measured,   with  much   care,  before   any 
appreciable  cooling  could  take  place,  and 
was  found  to  be  4.51  ohms.     From  this 
resistance,    balancing    42    cells    of    the 
battery,   the   resistance   of  the   average 
lamp,    corresponding   to   42.46   cells   of 
battery,  is  easily  deduced,  and  is  found 
to   be   4.56  ohms.     This,  multiplied   by 
sixteen,  the  number  of  lamps  in  circuit, 
gives   the   total   resistance  of  the  lamp 
circuit, — 72.96  ohms.     The  resistance  of 
the  conducting  wires   between  the  ma- 
chine and  lamps  was  not  measured,  being 
so   small   as   to   be   unimportant.      The 
average  total  internal  resistance .  of  the 
machine,  measured  through  the  brushes, 
with  the  commutators  in  various   posi- 
tions,  and  all  of  the   conductors  warm 
from  active  use,  was   found   by   careful 
measurement  to  be  10.55  ohms.     Varia- 
tions of  only  about  .02   ohm   were  ob- 
served when  the  commutator  was  turned 
in  different  positions.     This   resistance, 
added  to  that  of  the  lamps,  gives  a  total 
normal  internal  and  external  resistance 
of  83.51  ohms,  87.36  per  cent,  of  which 
(72.96  ohms)  is  external.     Hence,  87.36 
per  cent,  of  the   current   developed   by 
this   machine,   is   available   for   external 
work. 
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We  have  found  that  the  electro-motive 
force  of  the  current  overcoming  a  re- 
sistance of  4.56  ohms  (the  resistance  of 
one  lamp),  is  equal  to  that  of  42.46  cells 
of  battery;  hence  the  total  electro-mo- 
tive force  of  the  current,  overcoming  the 
total  resistance,  is 

42.46x83.51     ___„      „ 

— — =777.59  cells. 

4.5o 

Assuming  the  electro-motive  force  of  each 
cell  of  battery  to  be  1.079  volts,  the 
electro-motive  force  is,  777.59x1.079 
=  839.02  volts.  By  Ohm's  .well-known 
formula,  the  current  circulation  is 

839-02     in  ru       i 
or>  -^==-  =10 .  04  webers. 

oo.ol 

"We  have  next  to  determine  what  por- 
tion of  the  energy  of  the  whole  current 
was  utilized  in  the  sixteen  voltaic  arcs, 
for  the  development  of  heat  and  light. 
To  this  end,  the  resistance  of  the  sixteen 
lanrps,  including  all  connections,  magnet 
wires,  carbons,  etc.,  minus  the  resistance 
of  the  arcs,  was  determined  in  the  man- 
ner already  described,  and  found  to  be 
2.1  ohms.  This,  subtracted  from  the 
total  resistance  of  the  lamps,  72.96  ohms, 
leaves  70.86  ohms  as  the  resistance  of  the 
sixteen  arcs.  This  is  84.85  per  cent,  of 
the  resistance  of  the  entire  circuit ;  and 
as  the  work  performed  by  the  current  in 
any  part  of  the  circuit  is  directly  as  the 
resistance  of  the  said  part,  it  would  ap- 
pear that  84.85  per  cent,  of  the  entire 
energy  of  the  current  was  expended  in 
the  arcs.  But  this  is  not  the  case,  be- 
cause one  per  cent,  of  the  current  pass- 
ing through  each  lamp  is  diverted  from 
the  arc  by  the  fine- wire  adjusting  helices 
as  before  explained.  Deducting  one  per 
cent,  of  84.85,  we  have  left  84.,  express- 
ing the  percentage  of  the  entire  energy 
of  the  current,  appearing  as  heat  and 
light  in  the  arcs. 

The  electrical  measurements,  above 
described,  were  made  in  the  presence, 
and  with  the  assistance  of  Mr.  G.  H. 
Wads  worth,  Chief  Operator  and  Electri- 
cian of  the  Western  Union  Telegraph 
Co.'s  Cleveland  Office. 

The  instruments  used  in  measuring  re- 
sistances, were  a  tangent  galvanometer 
by  Phe]ps,  and  a  set  of  standard  resist- 
ance coils  rating  from  .01  ohm  upward. 
The  measurements  were  made  by  substi- 
tution. 

Vol.  XXI.— No.  5—28 


During  the  progress  of  the  electrical 
measurements  above  described,  a  system 
of  careful  measurements  of  the  driving 
power  absorbed  by  the  machine  was  also 
made.  This  was  done  by  Mr.  Isaac  V. 
Holmes,  of  Cleveland,  a  gentleman  wide- 
ly known  as  a  mechanical  engineer  and 
expert.  His  measurements  were  made 
from  indicator  diagrams  taken  at  the 
cylinder  of  the  engine,  and  covered  a 
period  of  about  three  hours. 

The  following  table  embodies  the  re- 
sults obtained  by  Mr.  Holmes : 

Total  power  developed  with  the  16 
light  machine  at  770  revolutions 
"  closed " 18.73  H.P. 

Less  friction  load  of  engine  ' '  light"    2 .  44    " 

Less  friction  due  to  increase  of  load 
(18.73-2.44M6.29)  at  5  percent.      .81     " 

Total  power  absorbed  by  16  light 
machine  at  770  revolutions 
"closed" 15.48     " 


Total  power  developed  with  the  16 
light  machine  at  770  revolutions 
"open " 4.23  H.P. 

Less  friction  load  of  engine  "light "    2 .44     " 

Less  friction  due  to  increase  of  load 
(4.23— 2. 44= 1.79)  at  5  percent..       .09     " 

Total  power  absorbed  by  16  light 
machine  at  770  revolutions '  'open"    1 .  70     " 


Total  power  absorbed  by  16  light 
machine  at  770  revolutions,  in  the 
production  of  current  (15.48-1.70)  13.78  H.P. 

Note. — The  terms  "closed"  and  "open" 
refer  to  the  external  circuit  of  the  machine. 
Thus,  when  the  machine  was  "closed,"  it's 
current  was  working  through  the  normal  ex- 
ternal resistance— that  of  the  sixteen  lamps. 
When  "open,"  no  current  was  generated. 

These  results  agree  very  well  with  those 
obtained  by  other  engineers  with  other 
machines  of  the  same  size  and  style. 
On  February  6th,  1879,  Mr.  Noah  B. 
Harlow,  of  the  Lowell  Water  Power  Co., 
measured  the  power  absorbed  by  one  of 
these  sixteen  light  machines  located  in 
the  Merrimack  Print  Works,  Lowell, 
Mass.  The  speed  of  the  machine  aver- 
aged about  747  revolutions  per  minute 
while  operating  sixteen  normal  lights, 
and  the  total  power  absorbed  under 
these  circumstances  was  found  to  be  13.86 
horse-power,  including  friction  of  dy- 
namometer employed. 

On  March  18th,  1879,  another  machine 
was  measured  at  the  Dry  Goods  Depot 
of  John  Wanamaker,  Philadelphia,  Pa., 
by  Wm.  Lee  Church,  of  the  Buckeye 
Engine  Co.,  of  New  York.  Mr.  Church 
employed  the  method  of   indicator  dia- 
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grams,  and  obtained  as  a  result  13.5 
horse-power  for  the  total  power  absorbed 
by  the  machine  when  operating  sixteen 
lights.  Tlhe  speed  of  the  machine  was 
not  given  in  his  report,  but  was  presum- 
ably about  750  revolutions  per  minute, 
as  he  was  aware  that  this  was  the  speed 
at  which  the  machine  should  be  run. 

The  higher  results  obtained  by  Mr. 
Holmes  may  be  attributed  to  the  in- 
creased speed  at  which  his  machine  was 
driven,  and  the  abnormal  friction  at  the 
journal  bearings,  due  to  their  newness. 

Referring  to  the  electrical  measure- 
ments already  described,  we  find  that  we 
have  a  current  of  10.04  webers,  with  a 
total  resistance  of  83.51  ohms.  Now  the 
value  in  foot  pounds  of  any  current,  is 
C2RX  £.737335 ;  wherein  C  is  the  current 
in  webers,  R  the  total  resistance  of  the 
circuit  in  ohms,  t  the  time  in  seconds, 
and  .737335  the  equivalent  in  foot  pounds 
of  one  weber  per  ohm  per  second.  Hence, 
the  value  in  foot  pounds  per  minute,  of 
the  current  from  the  sixteen  light  ma- 
chine is:  10.042X  83.51  X  60 x. 737335 
=  372410.58.  This  divided  by  33,000 
=11.285,  which  is  the  energy  of  the  cur- 
rent expressed  in  horse-power.     Again, 


11.285 
15.48 


=  .729 


hence,  72.9  per  cent,  of  the  total  power 
applied  at  the  pulley  of  the  machine  was 
converted  into  current.  We  have  already 
found  that  84  per  cent,  of  the  entire  en- 
ergy of  the  current  appeared  in  the  vol- 
taic arcs.  Multiplying  72.9  by  .84  we 
have  61.24  as  the  percentage  of  the  total 
driving  power  appearing  in  the  arcs. 

If  we  deduct  friction  and  resistance  of 
air  from  the  gross  power  absorbed,  and 
consider  only  the  power  actually  absorbed 
in  the  production  of  current  as  is  usually 
done  in  determining  the  efficiency  of  dy- 
namo-electric machines,  we  have, 


11.285 


13.78 


=  .8189; 


or  81.89  per  cent,  of  the  absorbed  power 
converted  into  current.  As  before,  84 
per  cent,  of  this  current  appearing  in  the 
arcs,  we  have  81.89  X-84=68.79  percent, 
of  the  entire  power  absorbed  in  the  pro- 
duction of  current,  present  as  heat  and 
light  in  the  sixteen  arcs. 


RECAPITULATION. 

Resistance  of  dynamo-electric  ma- 
chine   10 .  55  ohms. 

Resistance  of  external  circuit 72.96      " 

Total  resistance  of  circuit 83.51      " 

Resistance  of  16  voltaic  arGS 70.86      " 

Percentage  of  current  available 
for  external  work 87.36      " 

Percentage  of  current  appearing 
as  heat  and  light  in  16  voltaic 
arcs 84.00      " 

Electro-motive  force  of  current.  .839.02  volts. 

Volume  of  current 10.04  webers 

Total  driving  power  required. ...  15.48  H.  P. 

Driving  power  absorbed  in  pro- 
duction of  current 13.78      " 

Energy  of  current  expressed  in 
horse-power 11 .285     " 

Percentage  of  gross  power  con- 
verted into  current 72.90      " 

Percentage  of  absorbed  power 
converted  into  current 81 .89 

Percentage  of  gross  power  appear- 
ing in  arcs 61 .  24      " 

Percentage  of  absorbed  power  ap- 
pearing in  arcs  68.79      " 

These  results  require  no  comment. 
Their  excellence  is  apparent.  They  have 
not  yet  been  approached  by  those  of  any 
other  dynamo-electric  apparatus  operat- 
ing multiple  lights;  or  even  by  those 
operating  single  lights. 

Mr.  Louis  Schwendler,  in  his  excellent 
"report  on  the  results  obtained  by  the 
electric  light  experiments"  dated  London, 
Nov.  1st.,  1878,  gives  the  percentage  of 
absorbed  power  appearing  in  the  electric 
lamp,  in  the  cases  of  four  dynamo-elec- 
tric machines.  The  lowest  result  given 
was  30  and  the  highest  62  per  cent. ;  the 
latter  with  a  machine  of  the  Siemens 
type.  This  is  much  the  highest  efficiency 
we  have  yet  seen  reported,  authentically, 
of  any  dynamo-elecfcric  machine.  The 
result  was  obtained  only  under  the  most 
favorable  circumstances,  as  pointed  out 
by  Mr.  Schwendler,  viz:  with  a  machine 
furnishing  a  single  light,  and  developing 
a  large  volume  of  current  (29.5  webers) 
of  comparatively  low  electro-motive 
force. 

The  Brush  machine,  developing  a 
much  smaller  volume  of  current,  of  a 
vastly  greater  electro-motive  force,  and 
operating  sixteen  lights,  yet  shows  a 
much  higher  efficiency,  viz.:  68.79  per 
cent. 

From  the  peculiar  nature  of  the  Brush 
system  of  lighting,  arise  very  important 
advantages  over  other  systems,  not  yet 
touched  upon.  We  refer  to  the  great 
ease  with  which  the  lights  may  be  oper- 
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ated  a  long  distance  from  the  dynamo- 
electric  macliine,  and  the  small  loss  of 
effect  occasioned  by  so  doing. 

When  a  separate  dynamo-electric  ma- 
chine is  employed  for  each  light,  accord- 
to  the  systems  which  appear  to  be  most 
in  favor  in  England  and  France,  or  when 
the  same  macliine  furnishes  several  cur- 
rents, each  operating  a  light,  then  each 
lamp  must  be  independently  connected 
with  the  machine,  and  the  whole  loss  of 
current,  occasioned  by  the  resistance  of 
the  pair  of  conducting  wires,  must  fall 
upon  each  single  lamp.  There  must  also 
be  as  many  complete  sets  of  conductors 
as  there  are  lamps. 

In  the  Brush  system,  one  pair  of  con- 
ductors is  sufficient  for  all  the  lamps,  no 
matter  what  their  number  may  be;  and 
the  loss  due  to  these  conductors  falls 
not  on  each  lamp,  but  is  equally  di- 
vided between  all.  Hence,  in  order  to 
reduce  the  loss  in  each  light  due  to  the 
conductors  in  the  single-light  system,  to 
the  same  amount  as  that  in  each  light  in 
the  multiple-light  system,  the  size  of  the 
conductors  in  the  former  case  must  be  to 
that  of  the  conductors  in  the  latter  case, 
directly  as  the  number  of  lights  operated 
in  the  multiple-light  system,  to  unity. 
And,  since  the  single-light  system  re- 
qrures  as  many  sets  of  conductors  as 
there  are  lamps,  while  the  multiple-light 
system  requires  but  one  set  of  conduct- 
ors, the  total  weight  of  conductors 
required  for  a  given  number  of  lamps, 
(keeping  the  total  loss  of  effect  due  to 
this  cause  the  same  in  both  systems,)  is 
as  one,  for  the  multiple-light  system,  to 
the  square  of  the  number  of  lamps  for 
the  single-light  system.  To  illustrate: 
suppose  sixteen  lights  are  operated  at  a 
given  distance  from  the  dynamo-electric 
machine  or  machines,  and  the  loss  of 
current  due  to  resistance  of  conduct 
is  limited  to  a  certain  amount;  and  let 
the  weight  of  conductors  required  in  the 
multiple -light  system  be  represented  by 
1;  then  the  weight  of  conductors  re- 
quired in  the  single-light  system  will  be 
16a  =  256. 

Hence,  in  operating  a  large  number 
of  lights  at  a  long  distance  from 
the  source  of  power  by  the  single-light 
system,  either  an  enormously  expensive 
system  of  conductors  must  be  employed, 
or  else  a  great  part  of  the  whole  energy 
of  the  currents  will  be  wasted  in  over- 


coming the  resistance  of  the  smaller  con- 
ductors. 

This  objection  to  the  single-light  sys- 
tem is  fatal,  when  any  considerable  sep- 
aration of  the  machines  and  lamps 
becomes  necessary. 

The  Brush  system  of  lighting  being 
free  from  this  defect,  the  lights  may  be 
maintained  at  a  great  distance  from  the 
source  of  power  with  very  little  loss  of 
effect,  and  by  means  of  conductors  of 
moderate  size  and  cost.  The  resistance 
of  number  10  (Stubb's  gauge)  copper 
wire  of  commercial  purity,  is  about  .6 
ohm  per  thousand  feet;  therefore  7600 
feet  of  such  a  conductor  will  equal  in 
resistance,  only  one  of  the  sixteen  lamps 
already  described. 


4.56. 
.6 


X  1000=7600. 


so  that  fifteen  lamps  of  full  power  could 
be  operated  through  such  a  conductor  of 
this  length ;  or  the  whole  sixteen,  with  a 
loss  of  only  about  six  per  cent,  in  effect. 
Only  fifty  per  cent,  of  the  total  effect 
would  be  sacrificed  by  working  through 
such  a  conductor  more  than  eleven  miles 
in  length,  (60800  feet)  and  this  loss 
might  be  reduced  one-half  by  doubling 
the  size  of  the  conductor,  which  would 
still  be  of  moderate  dimensions. 

No  reference  has  yet  been  made  to  the 
use  of  more  than  sixteen  lamps  in  the 
circuit  of  the  No.  7  machine;  but  17  or 
18  lamps  are  often  employed  with  the 
machine  running  at  its  normal  speed  of 
750  revolutions  per  minute,  and  with 
good  effect,  although  the  total  light  pro- 
duced is  less  than  with  sixteen  lamps. 
At  the  speed  at  winch  the  above  de- 
scribed measurements  .were  made,  viz: 
770  revolutions,  19  or  20  lamps  may  be 
burned  with  tolerably  good  effect,  al- 
though the  maximum  amount  of  light  is 
obtained  with  16. 

As  many  as  33  lamps  have  been  oper- 
ated simultaneously  in  the  circuit  of  a 
No.  7  machine  running  at  a  speed  of  800 
revolutions  per  minute,  with  an  arc  of 
appreciable  length  in  each  lamp ;  but  the 
total  light  produced  was  less  than  half 
that  obtained  when  16  or  17  lamps  were 
employed.  When  the  number  of  lamps 
operated  by  the  No.  7  machine,  running 
at  full  speed,  is  reduced  below  16,  the 
brilliancy  of  the  remaining  lights  is  of 
course  increased,  but  not  in  proportion 
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to  the  reduction  in  number.  Hence  the 
total  amount  of  light  is  diminished.  The 
quantity  and  intensity  of  the  current  are 
such  as  to  produce  the  maximum  light 
in  16  arcs. 

At  the  time  Mr.  Holmes  measured  the 
power  required  to  drive  the  sixteen-light 
machine,  he  also  measured  that  required 
by  a  six-light  machine  of  the  size  and 
style  known  as  "No.  5." 

This  machine  furnished  six  beautiful 
lights  in  single  circuit,  similar  to  those 
of  the  No.  7  machine,  but  with  somewhat 
shorter  arcs.  (It  will  be  remembered 
that  the  No.  7  machine  was  driven  above 
its  -normal  rate  of  speed.)  The  total 
power  required  to  drive  this  machine 
was  4.5  horse  power.  The  following  are 
Mr.  Holmes'  figures: 

Total  power  developed  with  the  6 

light  machine  at  922  revolutions 

"closed" 7.18H.P. 

Less  friction  load  of  engine  ' '  light "    2 .  44     " 
Less  friction  due  to  increase  of  load 

(7. 18—2. 44=4. 74)  at  5  per  cent . .       .  24    ' ' 
Total  power  required  by  six-light 

machine 4.50     " 

No  measurements  of  the  current  from  this  ma- 
chine were  made. 

REMABKS. 

Much  has  been  written  by  eminent 
electricians,  and  others,* about  the  enor- 
mous loss  of  total  lighting  effect  which 
follows  the  use  of  more  than  one  center 
of  light  in  an  electric  circuit.  Some  state 
that  the  total  light  diminishes  as  the  square 
of  the  number  of  lights  increases ;  others, 
that  the  loss  is  as  the  cube  of  the  number 
of  lights. 

These  extraordinary  assertions  are 
made  without  any  reference  to  the  en- 
ergy or  character  of  the  current  employed, 
and  are  never  supported  by  any  experi- 
mental data. 

The  experience  of  the  writer  has  uni- 
formly shown  that  when  a  small  amount 
of  electrical  energy  is  expended  at  several 
points,  very  little  or  no  light  results; 
while  if  the  same  energy  be  properly  ex- 
pended at  one  point,  a  large  amount  of 
light  may  be  evolved.  On  the  other  hand 
when  a  large  amount  of  current  energy 
is  properly  expended  at  a  number  of 
points  not  too  great,  the  total  light  pro- 
duced may  nearly  equal  that  evolved  when 
the  whole  energy  is  concentrated  at  one 
point. 

A  certain  amount  of  energy  is  required 


before  any  light  at  all  is  produced,  and 
if  the  division  falls  below  this  point  noth- 
ing in  the  way  of  light  results.  But 
after  a  certain  point  is  reached,  at  which 
a  good  light  is  produced,  then  the  increase 
of  light  appears  to  be  almost  directly  as 
the  increase  of  energy  exhibited  in  the 
arc,  the  length  of  the  latter  remaining 
constant.  Mr.  Schwendler's  experience 
here  appears  to  coincide  with  our  own. 
In  his  report,  before  mentioned,  he  says : 
"  If  we  make  the  highly  probable  supposi- 
tion that  the  resistance  of  an  arc  of  con- 
stant length  is  inversely  proportional  to 
the  current  which  passes  through,  then 
the  light  produced  would  be  proportional 
to  the  current.  This  appears  to  be  the 
case."  Again  he  says:  "Although  the 
light  must  be  very  nearly  proportional  to 
the  total  energy  consumed  in  the  arc,  the 
resistance  of  the  arc  decreasing  with  the 
increase  of  current,  it  follows  that  the 
light  cannot  be  proportional  to  the  square 
of  the  current." 

It  is  argued  by  many,  that  an  increase  of 
energy  in  the  arc  produces  a  correspond- 
ing increase  of  temperature  of  carbons, 
and,  according  to  a  well  known  law,  the 
light  must  increase  mush  faster  than  the 
temperature.  But  in  fact,  after  a  certain 
point  is  reached,  the  temperature  of  the 
positive  or  light-giving  carbon  does  not 
increase  with  increase  of  current,  but  the 
area  of  surface  heated  to  maximum,  in- 
creases almost  directly  with  the  current. 
The  "certain  point,"  several  times  alluded 
to,  is  at  that  stage  of  process  when  vapor- 
ization takes  place  over  a  well  defined 
spot  on  the  positive  carbon.  Obviously, 
when  rapid  evaporation  has  commenced, 
the  temperature  of  the  carbon  cannot  be 
increased  at  that  point,  and  an  increase 
in  the  amount  of  heat  evolved,  can  only 
result  in  an  increase  in  the  rapidity  of 
vaporization,  over  an  increased  area. 

A  careful  study  of  the  voltaic  arc,  and 
of  the  carbon  points  after  being  used  with 
currents  of  various  strength,  cannot  fail 
to  convince  the  most  skeptical,  of  the 
truth  of  these  assertions. 

Quite  contradictory  to  the  spirit  of 
those  portions  of  Mr.  Schwendler's  re- 
port, already  quoted,  he  says  in  another 
place :  "  If  more  than  one  light  is  pro- 
duced in  the  same  circuit,  by  the  same 
current,  the  external  or  available  light 
becomes  rapidly  dearer  with  increase  of 
the  number  of  lights  produced.    For  this 
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>n  already,  if  not  for  many  others, 
the  division  qf  light  must  result  in  an 
engineering  failure." 

It  seems  scarcely  possible  that  Mr. 
Schwendler  could  have  overlooked  the 
obvious  fact,  that  a  current  representing 
a  given  amount  of  energy,  and  adapted 
to  produce  the  maximum  light  from  one 
center,  may,  by  having  its  dimensions 
suitably  altered,  i.e.,  its  electro-motive 
force  increased,  and  its  volume1  diminished 
while  its  energy  remains  the  same,  he 
adapted  to  produce  its  maximum  light  from 
several  small  centers,  instead  of  from  one 
large  one  (provided,  of  course,  the  energy 
at  each  center  i-  not  reduced  below  the 
"certain  point  "  before  defined).  Yet  he 
seems  to  have  overlooked,  or  entirely  ig- 
nored this  fact. 

The  performance  of  the  No.  7  Brush 
machine  with  its  sixteen  lamps,  already 
detailed,  proves  unquestionably  that  the 


division  of  a  large  current  energy  among 
many  lights  in  the  same  circuit,  or,  more 
properly,  the  multiplication  of  lighti 
a  single  circuit,  has  resulted  in  a  great 
engineering  suca  m. 
The  votaries  of  the  single-light  system 

would  advocate  in  place  of  the  single  No. 
7  Brush  machine,  the  use  of  B%Xte<  n  small 
machines,  with  their  costly  sytem  of  con- 
ductors. JSaoh  of  these  would  require 
as  much  attendance,  and  involve  as  much 
expense  for  repairs,  as  tiie  single  large 
machine.  At  least  fifty  per  cent,  and 
probably  one  hundred  per  cent,  more 
driving  power  would  be  required  to  pro- 
duce sixteen  lights  of  the  same  size,  and 
the  first  cost  of  the  apparatus  would  be 
vastly  greater.  Further,  if  the  lights 
were  required  at  any  considerable  dis- 
tance from  the  source  of  power,  the 
single-light  system  must  prove  entirely 
impracticable. 


THE  ACOUSTICAL  UNIT  OF  DIMENSIONS  OF  ROOMS. 

By  Lieut.  F.  J.  DAY,  K.E. 
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Many  physicists  have  written  upon  the 
science  of  acoustics,  but  few,  if  any,  have 
considered  the  subject  with  a  view  to 
practically  assisting  the  architect  in  the 
proportioning  of  halls  and  rooms,  so  as  to 
make  their  contained  air  vibrate  to  any 
musical  note  that  may  be  communicated 
to  it. 

The  following  paper  is  therefore  sub- 
mitted to  the  Corps  in  the  hope  of  pro- 
moting a  discussion  on  the  important 
question  of  determining  the  proper  unit 
of  dimensions  of  rooms,  in  order  to  make 
their  contained  air  vibrate  to  any  note 
that  may  be  communicated  to  it ;  thereby 
engendering  those  properties  in  the 
room  which  are  technically  summed  up  in 
"the  room  being  good  for  sound," — and,if 
possible,  discovering  a  few  simple  rules 
for  the  guidance  of  architects  in  select- 
ing a  suitable  unit  of  dimensions  for 
their  projected  structures,  whereby  they 
may  ensure  the  acoustical  success  of 
their  designs. 

The  sounds  imparted  to  the  air  of  a 
building  would  be  those  of  the  human 
voice  or  of  some  musical  instrument,  of 


which  we  may  take  the  organ  as  a  type, 
for  this  instrument  contains  stops  which 
represent  the  sound  produced  by  every 
description  of  instrument,  the  sounds 
generated  only  differing  from  each  other 
in  color. 

This  brings  us  to  the  consideration  of 
the  component  parts  of  the  musical  note 
produced  by  any  instrument,  viz  : — 

The  pitch,  intensity  and  color.  The 
pitch  of  the  musical  note  is  regulated  by 
the  number  of  vibrations  of  the  sound 
wave  per  second,  the  greater  the  number 
of  vibrations  the  higher  the  pitch,  and 
as  sound  travels  with  a  uniform  velocity, 
the  greater  the  number  of  vibrations  the 
shorter  the  length  of  the  waves,  therefore 
the  shorter  the  length  of  the  waves  the 
higher  the  pitch  of  the  note. 

The  intensity  of  the  sound  depends 
upon  the  amplitude  of  vibration,  or,  in 
other  words,  on  the  amount  of  disturb- 
ance generated,but  has  nothing  to  do  with 
the  length  of  the  waves  producing  the  in- 
dividual note,  nor  with  the  nature  of  the 
disturbance. 

The  color  or  timbre  of  the  note  de- 
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pends  upon  the  generating  instrument ; 
the  notes  are  produced  in  different  ways, 
and  though  the  pitch  be  the  same,  they 
differ  in  quality  or  character  according 
to  the  nature  of  the  producing  instru- 
ment. Thus  if  a  particular  note  is 
sounded  first  on  the  piano,  then  on  the 
organ,  and  successively  on  the  flute  and 
violin,  or  by  the  human  voice,  a  great 
difference  will  be  noticed  in  the  sounds 
produced ;  this  difference  is  due  to  many 
causes ;  for  instance,  in  the  piano  the 
note  is  struck  and  the  vibration  pro- 
duced, but  the  intensity  rapidly  de- 
creases; in  the  organ  the  note  is  con- 
tinued as  long  as  the  air  is  blown  into 
the  j)ipe  ;  in  the  flute  there  is  a  rushing 
sound  of  the  wind  being  blown  into  the 
instrument.  But  the  chief  reason  for 
the  difference  is  the  production  of  over- 
tones or  harmonics  of  the  fundamental 
note  in  different  intensities  by  the  vari- 
ous instruments  ;  these  harmonics  not 
only  differ  for  the  various  sounding  bo- 
dies, but  even  for  the  same  body  when 
sounded  in  different  ways. 

We  shall  see  hereafter  that  any  body 
that  will  resound  to  the  fundamental 
note  will  also  resound  to  its  harmonics, 
so  that  whatever  arrangements  are  made 
for  the  air  spaces  to  resound  to  the  fun- 
damental notes  will  also  hold  good  for 
its  harmonics.  Although  the  production 
of  the  various  sounds  does  not  come 
within  the  province  of  the  architect,  yet 
he  should  understand  their  formation  in 
order  to  arrange  for  their  reception,  and 
to  be  able  to  proportion  the  various  air 
spaces  so  as  to  take  up  any  note  com- 
municated to  them.  It  will  be  well, 
therefore,  to  inquire  cursorily  into  the 
method  by  which  the  various  notes  are 
produced. 

As  the  stop  on  an  organ  representing 
any  instrument  differs  from  the  instru- 
ment itself,  only  in  the  proportion  of  the 
harmonics  generated  in  each  case,  it  will 
simplify  our  investigation  to  take  the 
organ  as  a  general  representative  of 
musical  instruments,  and  we  shall  show 
that  if  our  air  space  is  proportioned  to 
any  fundamental  note  it  will  also  take 
up  any  harmonics  of  that  note  which 
may  be  communicated  to  it.  We  have, 
therefore,  only  to  inquire  into  the  pro- 
duction of  sounds  by  the  organ  and  the 
human  voice. 

As   regards   the   organ,  we  need  not 


trouble  ourselves  with  the  complicated 
mechanism  by  which  the  various  results 
are  attained ;  suffice  it  to  say  that  the 
instrument  consists  of  a  case  containing 
many  series  of  pipes,  into  any  of  which 
the  wind  is  admitted  by  the  double  ac- 
tion of  the  stops  and  keys.  The  open- 
ing of  the  stops  enables  the  wind  to  pass 
into  the  particular  channels  with  which 
the  several  pipes  communicate,  the  open- 
ings of  these  channels  being  stopped  by 
valves  or  pallets,  which  pallets  are 
worked  by  the  keys.  On  the  key  being 
depressed  the  pallet  is  opened,  and  a  jet 
of  wind  is  driven  into  the  foot  of  the 
pipe,  which  sets  the  lip  or  reed  into  vi- 
brations, and  thus  generates  the  note 
required. 

All  organ  pipes  are  constructed  either 
of  metal  or  of  wood,  and  are  distin- 
guished by  the  names  of  flue  and  reed 
pipes.  The  flue  pipe,  when  made  of 
metal,  consists  of  a  body  and  a  foot ;  the 
body  is  generally  a  cylinder  having  a 
small  portion  towards  its  lower  end 
slightly  flattened  inwardly,  so  as  to  pro- 
duce a  straight  edge ;  the  part  thus 
pressed  down  does  not  extend  to  the 
bottom  of  the  body  of  the  pipe,  but  a 
small  portion  at  its  lower  extremity  is 
cut  off,  the  edge  thus  formed  being  called 
the  upper  lip.  The  foot  of  the  pipe  is  of 
conical  form,  and  has  a  straight  edge 
formed  similarly  to  the  one  on  the  body 
of  the  pipe,  and  which  is  termed  the  un- 
der lip.  The  top  of  the  foot  is  closed  at 
its  lower  broad  end  by  a  circular  metal 
plate  called  a  "  langward ;"  a  segment  of 
this  is  cut  away  so  as  to  produce  a 
straight  edge  parallel  to  the  under  lip, 
leaving  a  narrow  fissure  or  flue  between 
them  directly  underneath  the  straight 
edge  of  the  upper  lip.  The  body  and 
foot  are  soldered  together  with  the  lips 
exactly  opposite  each  other,  and  the 
aperture  thus  formed  constitutes  the 
mouth  of  the  pipe. 

Wooden  flue  pipes  are  of  rectangular 
section,  and  are  constructed  on  the  same 
principle  as  metal  pipes ;  they  have  up- 
per and  under  lips,  a  langward,  and  a 
narrow  fissure  to  discharge  the  jet  of 
wind  which  is  admitted  into  the  foot  of 
the  pipe  and  which  strikes  against  the 
upper  lip. 

Flue  pipes  are  made  to  speak  by  send- 
ing a  jet  of  wind  into  the  foot  of  the 
pipe;     it   rushes    through    the    narrow 
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fissure  above  described,  and,,  by  striking 

ainst  the  upper  lip  of  the  pipe,  sets  it 
in  vibration.  These  vibrations  are  com- 
municated to  the  air  in  the  pipe,  which 
is  thus  set  in  motion,  and  sounds  the 
note  which  the  pipe  is  constructed  to 
produce :  the  length  of  the  pipe  must, ; 
of  course,  be  proportioned  according  to 
the  rate  of  vibration  of  the  upper  lip, 
which  is  regulated  by  the  pitch  of  the 
note  it  is  intended  to  sound. 

Reed  pipes  are  generally  made  of 
metal,  the  body  of  the  pipe  being  either 
cylindrical  or  conical  in  form  ;  a  cylindri- 
cal block  of  metal  with  a  flange  round ! 
the  upper  end  to  prevent  its  sinking  too  \ 
deeply  into  the  foot  of  the  pipe,  is  fixed 
at  its  mouth ;  the  reed  is  a  small  tube  of  | 
which  a  portion  is  cut  away  lengthwise ; 
it  passes  through  the  center  of  the  block 
and  is  attached  to  it — the  tongue  is  a 
thin  piece  of  metal  slightly  bent,  and 
attached  to  the  reed  in  such  a  way  as 
nearly  to  close  up  that  portion  of  the 
reed  which  has  been  cut  away ;  a  tuning 
wire  passes  through  the  block,  the  lower 
portion  of  which  is  bent  so  as  to  press 
against  the  tongue,  while  its  upper  part 
is  a  little  crooked,  and  is  filed  in  a  notch 
so  as  to  receive  the  tuning  knife ;  by  this 
means  it  can  either  be  raised  or  de- 
pressed, and  the  vibrating  portion  of  the 
tongue  thus  lengthened  or  shortened 
to  sharpen  or  flatten  the  pitch  of  the 
pipe. 

The  peculiar  tone  of  the  reed  pipes 
arises  from  the  fact  of  the  wind,  rushing 
through  the  opening  between  the  tongue 
and  the  reed,  causing  the  tongue  to  vi- 
brate ;  the  quicker  the  vibrations  the 
more  acute  will  be  the  pitch  of  the  pipe ; 
the  length  of  the  pij:>e  is,  of  course,  pro- 
portional to  the  pitch  of  the  note  pro- 
duced by  the  reed. 

From  the  above  we  find  that  all  the 
notes  of  the  organ  are  j)roduced  by  set- 
ting either  the  lips  or  reeds  of  the  pipes 
in  vibration ;  these  vibrating  surfaces 
communicate  their  movement  to  the 
air  in  the  pipes,  which,  being  pro- 
perly proportioned  to  the  pitch  of  the 
note,  resound  to  it,  and  the  pipe  is  made 
to  speak.  From  this  we  may  gather 
that  the  pipe  has  nothing  to  do  with  the 
formation  of  the  sound,  but,  only,  owing 
to  its  length  being  proportional  to  the 
time  of  vibration  of  the  generating  me- 
dium, its  contained  air   resounds  to  the 


note  given  out,   which   thus   reinforced 
becomes  audible. 

We  have  next  to  consider  the  more 
difficult  subject  of  the  production  of 
sounds  and  words  by  the  human  voice, 
and  in  order  to  do  this  we  must  discuss 
at  some  length  the  method  of  generation 
of  musical  notes,  vowel  and  consonant 
sounds  by  the  human  voice. 

We  proceed  first  to  examine  the  organs 
of  the  human  frame  which  generate  and 
articulate  sound,  and  find  at  the  top  of 
the  wind-pipe  an  apparatus  which  leaves 
for  the  passage  of  air  only  a  long  narrow 
slit  in  the  back  and  front  direction, 
which  is  called  the  "glottis."  The  sides 
of  this  slit  are  not  solid  masses  of  animal 
matter,  but  elastic  bands  or  ligaments, 
which,  though  not  very  deep  vertically, 
have  the  power  of  vibrating  to  the  right 
and  left.  The  ends  of  these  ligaments 
are  held  in  position  and  in  a  state  of  ten- 
sion by  different  muscles  (these,  however, 
have  nothing  to  do  with  this  investiga- 
tion, which  only  deals  with  the  actual 
generation  of  sound).  These  elastic 
bands  are  called  the  vocal  ligaments,  and 
we  must  next  consider  their  condition 
under  various  circumstances. 

When  the  voice  is  in  a  state  of  rest 
the  vocal  ligaments  are  not  stretched 
with  any  particular  force,  and  the  ends 
of  the  right  and  left  ligaments  are  not 
pressed  together,  but,  on  the  contrary, 
kept  apart  by  certain  muscles  exerted 
only  with  this  object.  Under  these  con- 
ditions the  aperture  is  sufficiently  wide 
to  allow  the  breath  to  pass  freely,  and 
the  ligaments  not  being  stretched  there 
is  no  cause  for  setting  them  in  vibration. 

But  when  a  sound  is  to  be  produced, 
other  muscles  come  at  once  into  play, 
the  ends  of  the  two  ligaments  are  pressed 
together,  although  not  probably  closely, 
and,  at  the  same  time,  the  ligaments 
themselves  are  extended  by  other  mus- 
cles to  any  required  degree  of  tension. 

If  then  air  be  forced  from  the  lungs 
through  the  "  glottis,"  it  rushes  with 
great  rapidity  through  the  small  aperture, 
and  impinges  upon  the  sides  of  the  liga- 
ments, which  are  in  a  state  of  tension 
and  ready  to  be  set  in  vibration,  thus 
producing  a  musical  note.  The  pitch  of 
the  note  generated,  of  course,  depends 
upon  the  degree  of  tension  of  the  liga- 
ments. 

We  thus  see  that  to  utter  a  musical 
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sound  two  sets  of  muscles  are  put  into 
action ;  first,  in  order  to  utter  a  musical 
sound  the  right  and  left  ligaments  are 
pressed  together,  and  second,  in  order 
to  produce  a  note  of  a  particular  pitch 
the  ligaments  are  stretched  to  a  partic- 
ular tension,  their  vibrations  being  made 
of  longer  or  shorter  duration  according 
as  a  note  of  high  or  low  pitch  is  required. 
This  action  is  imitated  by  the  organ 
builder  in  every  reed  pipe  he  constructs  ; 
the  closing  of  the  ligaments  is  imitated 
by  introducing  the  tongue  into  the  por- 
tion of  the  reed  which  has  been  cut  away, 
and  thereby  nearly  closing  the  aperture, 
and  the  state  of  tension  is  produced  by 
raising  and  lowering  the  crooked  wire, 
which  presses  against  the  tongue,  and 
thereby  lengthens  or  shortens  the  vibrat- 
ing surface  and  flattens  or  sharpens  the 
pitch  of  the  note. 

The  cavity  of  the  mouth  performs  to 
the  vocal  ligaments  the  same  functions 
as  the  body  of  the  organ  pipe  does  to  the 
reed,  the  air  in  the  resonant  cavity  of 
the  mouth  reinforcing  the  sounds  pro- 
duced by  the  vocal  ligaments,  in  the 
same  way  as  the  organ  pipe  reinforces 
the  note  produced  by  the  reed. 

Thus  far  we  have  traced  a  likeness  be- 
tween the  method  of  generation  of  the 
note  produced  by  the  human  voice  and 
those  of  a  reed  pipe  of  an  organ ;  but 
we  must  now  inquire  into  the  method  of 
producing  vowel  sounds  by  the  human 
voice,  and  for  this  purpose  may  adduce 
an  experiment  made  by  Professor  Willis, 
and  recorded  in  Volume  III.  of  the 
Cambridge  Transactions. 

In  the  experiment  he  uses  a  simple 
pipe,  which  admits  of  its  length  being 
varied  at  pleasure.  Air  is  blown  through 
a  long  channel  which  terminates  in  a 
reed  that  gives  a  note  of  known  pitch, 
and  the  length  of  whose  air  wave  is 
therefore  also  known  ;  the  carrier  of  this 
reed  is  fitted  accurately,  but  not  tightly 
into  the  pipe,  whose  length  can  thus  be 
made  variable ;  the  tube  is  now  slid  along 
so  as  to  vary  the  position  of  the  reed 
carrier,  which  thus  becomes  a  plug  in 
the  pipe,  by  varying  the  position  of 
which,  different  lengths  of  pipe  are 
left  between  it  and  the  external  air. 
Professor  Willis  then  points  out  the  fol- 
lowing facts : — 

"  First,  that  in  order  to  perceive  clearly 
a  vowel  sound,  it  is  necessary  to  sound 


different  vowels  in  succession,  the  prin- 
cipal effect  being  produced  by  contrast, 
and  no  distinct  vowel  sound  being  im- 
pressed on  the  ear  when  the  aparatus  is 
maintained  steadily  in  the  arrangement 
proper  for  producing  any  one  vowel. 

"Second,    the   fundamental   result  of 
the  experiment  is  this — 

a  b    4-7  3-53-2  i. 0.38C  d  e 


IE        AO      U 


V      OA      E  I 


"  In  the  above  figures  let  a  denote  the 
place  where  the  waves  of  air  enter  im- 
mediately from  the  reed  (the  reed  being 
supposed  to  be  at  the  left  hand  and  the 
current  of  air  being  blown  from  left  to 
right),  and  suppose  the  tube  of  variable 
length  to  extend  from  left  to  right,  its 
mouth  sometimes  stopping  at  I,  some- 
times being  advanced  to  E,  A,  O,  &c. 
Also  let  ac  =  bd  =  ce  length  of  the 
sound  wave  produced  by  the  reed.  Then, 
when  the  mouth  of  the  pipe  is  at  the 
point  I,  it  utters  the  vowel  sound  "I  " 
(in  continental  pronunciation)  the  same 
vowel  sound  as  in  the  word  "  see."  When 
the  mouth  of  the  pipe  is  at  E  the  vowel 
sound  is  that  of  "E"  sliding  between 
the  vowel  sounds  in  "pet"  and  "pay." 
When  the  mouth  of  the  pipe  is  at  A,  O, 
U,  the  sounds  are  respectively  those  of 
"paa"and  "part,"  followed  by  "  pair, ."" 
"nought  "  in  "no"  and  "but"  followed 
by  boot."  As  the  mouth  of  the  pipe  is 
carried  towards  b  (the  point  bisecting 
ac)  sounds  become  indistinct,  and  vowel 
sound  is  lost;  or  the  only  sound  per- 
ceptible is  that  of  our  short  U.  On  ap- 
proaching c,  the  same  vowels  re-occur, 
but  in  opposite  order.  On  proceeding 
further  still,  the  same  phenomena  recur 
af£er  an  addition  to  the  "  pipe  length," 
of  the  "  length  of  the  air  wave,"  double 
the  "length  of  the  air  wave,"  &c,  but  all 
sounds  become  less  forcible. 

"  Now,  upon  varying  the  pitch  of  the 
reed  (that  is  upon  varying  the  length  of 
the  sound  wave  or  the  length  of  the 
spaces  ab,  be,  cd,  de,)  the  lengths  a  I,  a  Er 
a  A,  a  O,  a  U,  c  e,  &c,  remain  unaltered. 
And  when  a  reed  of  high  pitch  is  used, 
or  when  the  spaces  ab,  be,  &c,  are  made 
very  short,  some  of  the  vowels  U,  O,  &c, 
are  lost.  This  accords  with  the  experi- 
ence of  singers  of  high  pitch,  who  can 
sing  no  vowel  but  I  (sounded  as  in 
"  see  ").     The  distances  of  the  vowel  po- 
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sitions  from  o  or  from  i  are  as  follows  : 
the  distance  when  measured  from  a  is 
rather  less  than  in  the  other  cases: — 


"cl  s  el  = 

cE=  eE  = 

V  =  e  A  = 

cO  =  eO  = 
c  U  =  e  U  = 


0.38  inches. 
0.6      " 

1.0  " 
S  1.8  " 
/  3.2       " 

3.06  " 

3.08     " 

4.7  " 

indefinite." 


{ 


; 


From  these  phenomena  Professor  Wil- 
lis draws  the  following-  deductions  : — 

That  from  the  air  of  invariable  press- 
ure at  the  month  of  the  pipe  there  is  a 
kind  of  reflection  of  the  sound  wave  in- 
wards, and  thus  every  reed  wave  travel- 
ing along  a  pipe  is  reflected  from  the 
open  mouth  at  a  time  depending  upon 
the  length  of  the  pipe,  the  relation  of 
which  time  to  the  time  of  the  next  reed 
wave  will  be  different  for  different 
lengths  of  the  pipe,  thus  producing  a 
mixed  wave,  whose  quality  varies  with 
the  changes  of  that  relation.  This 
amounts  to  nearly  the  same  as  saying — 
that  each  puff  of  air  through  the  reed 
may  create  a  wave  which  travels  with 
organ  wave  velocity  coexisting  with  the 
one  which  follows  the  laws  of  resonance. 

The  following  experiment  pointedly 
illustrates  this  law.  If  a  quill  be  snapped 
by  the  teeth  of  a  wheel  in  rapid  rotation 
a  musical  note  is  produced ;  but  if,  in- 
stead of  a  quill,  a  highly  elastic  spring 
is  used,  itself  competent  to  give  a  musi- 
cal tone,  then  a  vowel  sound  is  produced, 
and  the  name  of  the  vowel  depends  upon 
the  relation  between  these  two  musical 
notes,  which  relation  is  altered  by  grasp- 
ing the  spring  at  different  points. 

From  this  we  infer  that  the  actual 
vowel  sounds  are  produced  by  a  second-  \ 
ary  wave  which  is  coexistent  but  inde- 
pendent of  the  pitch  wave,  although  it 
conforms  closely  to  it ;  and,  therefore,  if 
we  proportion  our  building  to  resound 
to  the  pitch  wave,  it  will  also  accomodate 
itself  into  the  secondary  which  produces 
the  vowel  sound. 

We  have  now  only  to  inquire  into  the  j 
production  of  consonant  sounds,  about 
which  there  is  little  to  remark.  They 
depend  on  the  mode  of  beginning  or 
ending  an  utterance  of  a  vow^el  sound. 
Sometimes  this  is   done  at  the  glottis,  - 


sometimes  at  the  beginning  of  the  ut- 
terance by  Lowering  the  tongue  from  the 
palate,  sometimes  by  opening  the  lips, 

sometimes    by    opening    the    teeth.        Ill 
BOme    eases    a    vowel      sound      must    be 
formed   before   opening   the   lips,  thus  a 
momentary   dull  vowel   sound  within  the 
mouth  before  Opening   the    lips   appeal's 
necessary    to    give    the    sound  "  bee  ;  "   if 
there  be  no  such  antecedent  dull  vowel 
sound,  the  sound  emitted  will   be  "pee." 
In  closing   the   utterance  of   the  vowel 
sounds,  there  is  nearly  the  same  variety. 
All  these  different  modifications  give  rise 
!  to  different  consonants,  but  they  do  not 
I  appear  to  involve  any  particular  princi- 
;  pie  which  requires  our  attention.     The 
rolling    sound    of   the    "r,"   the  hissing 
sound  of  "  s,"  and  the  guttural  sounds  of 
"och  "  and  "ach,"  which  seem  to  be  pro- 
duced rather  in  the  palate  than  in  the 
throat,  also  the  sounds  of  "sh"  and  "  th," 
appear  to  be   abandonments  of  musical 
utterances,  and  probably  do  not  require 
any  action  of  the  vocal  ligaments,   their 
peculiarities  being  given  by  the  tongue, 
teeth,  cheeks,  and  lips. 

We  find,  therefore,  that  the  vibrations 
of  sound  produced  by  the  consonants 
are  caused  by  cutting  off  either  the  be- 
ginning or  ending  of  the  vowel  sound  in 
all  cases  before  it  leaves  the  lips  of  the 
speaker,  and,  therefore,  for  our  purpose 
we  may  say,  before  it  has  left  the  source 
of  generation.  Further,  we  have  found 
that  a  column  of  air  will  resound  to  a 
note,  giving  a  vowel  sound,  and  it  needs 
no  demonstration  to  showr  that  it  will  re- 
sound to  any  portion  of  this  sound,  or, 
in  other  words,  to  any  variation  produced 
by  the  addition  of  consonants.  And  in 
whatever  way  this  vowel  sound  has  been 
modified  in  its  production,  it  will  be  sim- 
ilarly modified  in  its  reproduction,  for 
there  is  no  external  cause,  which,  by 
acting  upon  it,  could  make  any  altera- 
tion. We  conclude  that  if  air  contained 
in  a  building  will  resound  to  the  pitch 
wave  of  a  note  it  will  also  resound  to  the 
wave  when  modified,  either  by  a  vowel 
or  consonant  sound,  or  their  combination 
into  words. 

For  the  purpose  of  architectural  con- 
struction we  have,  therefore,  reduced  all 
sound  waves,  produced  by  either  the 
human  voice  or  musical  instruments,  to 
the  dimensions  of  those  of  the  pipes  of 
the   organ  of  known  lengths,    and    are 
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now  in  a  position  to  discuss  the  most 
suitable  unit  of  dimension  for  rooms. 

The  first  point  to  be  considered  is 
whether  the  laws  which  govern  the  un- 
dulations of  columns  of  air  in  organ 
pipes  will  hold  good  for  columns  of  air 
in  rooms  ? 

This  question  cannot  be  better  an- 
swered than  by  Professor  Airy's  descrip- 
tion of  a  Plane  Wave  of  three  dimensions 
{Airy  s  Sound  and  Atmospheric  Vibra- 
tions, p.  38). 

"  If  we  have  a  great  number  of  pipes 
side  by  side  with  waves  of  a  similar  char- 
acter passing  simultaneously  through 
all,  so  that  the  collateral  condensations 
and  pressures  of  air  in  the  adjacent  pipes 
will  be  the  same,  there  will  be  no  tend- 
ency of  the  air  in  one  pipe  to  press 
sideways  into  another  pipe ;  we  may 
therefore  remove  the  material  boundaries 
of  these  pipes,  and  then  we  have  air,  ex- 
tended in  three  dimensions,  through 
which  passes  a  wave,  whose  front  is  a 
plane,  that  is,  in  which  all  the  points  of 
similar  motion  and  similar  density  are 
always  in  one  plane." 

Suppose,  therefore,  our  room  to  be 
filled  with  organ  pipes  all  radiating  from 
the  mouth  of  the  speaker,  the  same  wave 
passes  through  each  pipe,  and  the  result 
will  not  be  affected  if  we  remove  the  ma- 
terial boundaries  of  the  pipes  ;  let  these 
be  removed  and  we  have  a  sphere  of 
sound  obeying  the  same  laws  as  the  col- 
umn of  air  contained  in  the  organ  pipes. 

The  architect,  of  course,  has  nothing  to 
do  with  the  generation  of  sounds,  but 
has  only  so  to  proportion  his  building 
that  its  contained  air  will  take  up  and  in- 
tensify any  sound  that  is  communicated 
to  it.  The  method  of  generating  the  vari- 
ous sounds  produced  on  the  organ — to 
represent  the  human  voice  and  musical 
instruments — is  too  long  to  give  in  this 
paper,  and  we  therefore  take  it  for 
granted  that  different  lengths  of  pipe 
will  resound  to  any  note  of  any  instru- 
ment that  may  be  communicated  to  them, 
•  and  for  the  details  of  their  construction 
must  refer  the  reader  to  Chapter  XXIII. 
of  Hopkins'  History  of  the  Organ. 

The  problem  before  us  is  to  make  the 
contained  air  space  of  a  building  take  up 
any  musical  note  that  may  be  communi- 
cated to  it.  We  propose  to  solve  the 
problem  by  finding,  first,  a  length 
which  will  resound  to  all  the  eight  notes 


of  the  musical  octave,  and  then  to  com- 
bine this  length  with  those  of  the  note 
"  C  "  on  the  human  voice  and  the  various 
stops  of  a  large  organ. 

In  Ganot's  Physics  (Art.  207,  p.  163, 
Ed.  1866)  we  have :  "  Hence  if  m  denotes 
the  number  of  double  vibrations  corre- 
sponding to  the  note  C,  the  number  of 
vibrations  corresponding  to  the  remain- 
ing notes  will  be  given  by  the  following 
table : — 

"CDEFGABc 

m     -|m     \m  fyn     \m  \m  ±f-m  2m" 

To  produce  which  alteration  in  the 
number  of  vibrations  the  difference  in 
the  length  of  the  pipes  or  waves  must 
be: 

D=|C,  E=$C,  F=|C,  G=|C, 

A=|0,  B=ffi,  c=iC. 

we  have  therefore  to  find  a  length  which 
will  be  a  multiple  of  all  these  lengths,  or, 
in  other  words,  to  find  the  least  common 
multiple  of  the  fractions 

£.    4     3.     2.     3     _8       1 
9'  Tf>   45    35  "§"5    155    25 

or  reducing  to  the  least  common  denom- 
inator of 

160, 144,  135,  120,  108,  96,  90 
180 

This  we  find  to  be  -4T382/  or  24. 

The  number  24  is  a  multiple  of  all  the 
fractions  representing  the  difference  in 
length  of  the  waves  between  that  sound- 
ing C  and  its  octave,  and  if  the  length- 
sounding  C  be  denoted  by  I,  24:1  will  be 
the  least  length  which  will  be  a  multiple 
of  the  lengths  of  the  waves  sounding  the 
octave. 

We  next  have  to  combine  this  with  the 
various  stops  of  a  large  organ;  to  do 
this  let  us  take  the  specification  of  an 
organ  with  87  stops  given  in  Hopkins' 
History  of  the  Organ,  page  326 : — 

GREAT  ORGAN,  22  STOPS. 

1.  Sub  Bourdon  to  tenor  c  key 32  ft.  tone. 

2.  Double  open  Diapason 16  " 

3.  Bourdon 16  " 

4.  Open  Diapason 8  " 

5.  Open  Diapason 8  ' ' 

6.  Gamba  ...  : 8  " 

7.  Stopped  Diapason 8  " 

8.  Clarabella  to  tenor  c 8  " 

9.  Quint 5i  " 

10.  Principal 4  " 

11.  Principal 4  " 

12.  Flute 4  " 

13.  Twelfth 2f  " 
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14.  Fifteenth 2  ft.  tone. 

15.  Piecolo 2  " 

10.  Full  Mixture,  III.  Banks 2  " 

17.  Sharp  Mixture,  V.  Ranks 2  " 

18.  Cornet,  II.,  III.,  and  IV.  Ranks 

IS).   Don! ile  Trumpet 16  " 

80.   Posaune 8  " 

21.  Trumpet 8  " 

88.  Clarion 4  " 

SWELL  ORGAN,  20  STOPS. 

23.  Bourdon 16  ft.  tone. 

24.  Open  Diapason 8  " 

25.  Gamba 8  " 

26.  Echo  Dulciana 8  " 

27.  Rohr  Gedact 8  " 

28.  Voix  Celeste 8  " 

89.  Principal 4  " 

30.  Gambette 4  " 

31.  Flute 4  '« 

3'2.  Twelfth  2f  " 

33.  Fifteenth 2  " 

34.  Octave  Flute 2  " 

35.  Mixture,  V.  Ranks 2  " 

36.  Echo  Dulciana,  Cornet  V.  Ranks  4  " 

37.  Double  Bassoon 16  " 

38.  Hautboy 8  " 

39.  Trumpet 8  " 

40.  Horn  8  " 

41.  Clarion 4  " 

42.  Vox  Humana 8  " 

CHOIR  ORGAN,  15  STOPS. 

43.  Lieblich  Bourdon 16  ft.  tone. 

44.  Open  Diapason 8  " 

45.  Lieblich  Gedact 8  " 

46.  Flauto  Traverso 8  " 

47.  Dulciana 8  " 

48.  Keraulophon 8  " 

49.  Spitzflote 4  " 

50.  Dulcet 4  " 

51.  Flute 4  " 

52.  Twelfth    2|  " 

53.  Gemshorn 2  " 

54.  Flageolet 2  " 

55.  Mixture,  IV.  Ranks 1£  " 

56.  Corno  di  Bassetto    8  " 

57.  Bassoon  throughout 8  " 

SOLO  ORGAN,  12  STOPS. 

58.  Bourdon 16  ft.  tone. 

59.  Violin  Diapason 8  " 

60.  Flute  Harmonic 8  " 

61.  Violino 4  " 

62.  Flute  Octaviant 4  " 

63.  Piecolo  Harmonic 2  " 

64.  Contra  Fagotto 16  " 

65.  Clarionet 8  " 

66.  Hautboy  8  " 

67.  Hautboy  Clarion 4  " 

68.  Tuba   8  " 

69.  Tuba  Clarion 4  " 

PEDAL  ORGAN,  18  STOPS. 

70.  Double  Open  Bass,  wood 32  ft.  tone. 

71.  Double  Open  Bass 32 

72.  Open  Bass,  wood 16 

73.  Great  Bass,  wood 16 

74.  Violone 16 

75.  Stopped  Bass 16 


76.  Great  Quint  Bass 10|ft.  tone. 

77.  Principal  Bass,  Metal 8  " 

78.  Violoncello,  wood 8  " 

79.  Flute  Bass 8  " 

80.  Twelfth  Bass 5£  " 

81.  Fifteenth  Bass 4  " 

82.  Mixture.  IV.  Hanks 3£  " 

83.  Contra  Posaune 32  " 

84.  Posaune 16  " 

85.  Bassoon 16  " 

86.  Trumpet 8  " 

87.  Clarion 4  " 

From  inspection  it  will  be  seen  that 
the  least  common  multiple  of  the  lengths 
of  all  these  pipes  or  waves  sounding  C  is 
32  feet,  and  that  of  the  Vox  Humana  stop 
is  8  feet;  if,  therefore,  we  give  these 
values  to  I  and  combine  them  with  the 
least  common  multiple  of  the  musical 
octave,  we  shall  obtain  the  lengths  re- 
quired, which  will  be  as  follows: 

For  any  stop  on  the  organ, 

i.e.,  any  instrument. . .  32  x  24=768  feet. 
For  the  human  voice. . .   8  X  24=192  feet. 

These  lengths  are  multiples  of  the 
lengths  of  any  wave  that  may  be 
sounded,  but  it  may  be  doubted  whether 
the  lengthened  column  of  air  will  re- 
sound to  any  particular  note,  the  length 
of  whose  wave  is  only  a  fractional  por- 
tion of  the  whole. 

The  following  extract  from  Weale's 
Acoustics,  page  10,  seems,  however,  to 
set  this  point  at  rest. 

"If  the  agitation  in  the  pipe  be  made 
more  intense,  a  point  will  be  reached  in 
which  the  air  will  divide  itself  into  two 
equal  lengths — and  in  each  half  of  the 
pipe  vibrations  will  go  on  precisely  as 
would  occur  in  a  pipe  of  half  the  length. 
As  these  pulses  have  only  half  as  far  to 
go,  but  travel  at  the  same  unalterable 
speed,  two  of  them  will  be  heard  where 
one  was  before.  The  next  note  that  can 
be  produced  by  more  vigorous  agitation 
is  that  following  the  division  of  the  pipe 
into  three  lengths."  This  is  corroborated 
by  Hopkins  in  his  History  of  the  Organ, 
page  212,  para.  885,  where  he  states  that 
a  pipe  will  occasionally  sound  its  octave 
when  it  is  too  much  winded,  and  from 
other  causes,  and  we  even  find  that  pipes 
are  occasionally  made  to  sound  their 
harmonics  purposely,  as  in  the  case  of 
the  Harmonic  Flute  (Hopkins,  page  137) 
which  is  a  flute  stop  of  8  feet  pitch,  but 
of  which  the  pipes  are  of  double  length, 


412 


van  nostrand's  engineering  magazine. 


either  blown  by  a  heavy  wind  or  simply 
copiously  winded. 

We  may,  therefore,  infer  that  a  given 
pipe  will  sound  several  notes  provided 
they  are  fractional  parts  of  the  whole 
length,  and  our  unit  of  length  being  a 
multiple  of  all  the  waves  that  can  be 
communicated  to  it  either  by  the  organ, 
or  by  the  human  voice,  it  will  take  up 
any  note  sounded  in  the  building. 

These  lengths,  as  they  stand,  are, 
however,  practically  useless,  as  the  limits 
to  which  a  speaker  can  be  heard  are 
about  92  feet  to  his  front  and  31  to  his 
rear.  The  length  must  therefore  be 
broken  up  in  some  way,  and  that  this 
breaking  or  doubling  is  practicable  may 
be  inferred  from  G-anot's  Physics,  page 
175,  Ed.  1866,  which  runs  as  follows: — 
"It  must  be  added  that  if  a  closed  and 
an  open  pipe  yield  the  same  primary 
tone,  the  closed  pipe  must  be  half  the 
length  of  the  open  pipe."  The  same  fact 
is  given  in  different  words  in  Hopkins' 
History  of  the  Organ,  page  110,  para 
434,  and  moreover,  we  find  that  brass 
instruments  which,  when  extended,  would 
be  of  unmanageable  length,  are  coiled  up 
into  a  number  of  turns  to  make  them 
portable.  This  shows  that  the  sound 
wave  may  be  doubled  up  without  being 
affected,  and  we  are,  therefore,  led  to 
suppose  that  any  division  will  answer 
our  purpose,  but  were  we  to  act  upon 
this  conclusion  the  result  would  prob- 
ably be — that  our  room  would  reproduce 
every  note  communicated  to  it  in  the 
form  of  a  noise  and  not  in  that  of  a 
musical  note,  and  as  this  is  a  point  which 
should  be  carefully  guarded  against,  we 
describe  the  difference  between  a  sound 
producing  a  musical  note  and  a  noise. 
The  following  is  taken  from  the  Ency- 
clopaedia JBritanica,  vol,  i.,  page  107, 
Art.  104:— 

"Besides  the  three  qualities  above 
mentioned  (amplitude,  timbre  and  pitch) 
there  exists  another  point  in  which 
sounds  can  be  distinguished  from  each 
other,  and  which,  though  perhaps  re- 
ducible to  difference  of  timbre,  requires 
some  special  remark,  viz:  that  by  which 
sounds  are  characterized  either  as  noises 
or  as  musical  notes.  A  musical  note  is 
the  result  of  regular  periodic  vibrations 
of  the  air  particles  acting  on  the  ear,  and 
therefore  also  of  the  body  whence  they 
proceed,  each  particle   passing  through 


the  same  phase  at  stated  intervals  of 
time.  On  the  other  hand,  the  motion  to 
which  noise  is  due  is  irregular  and 
flitting,  alternately  fast  and  slow,  and 
creating  in  the  mind  a  bewildering  and 
confusing  effect  of  a  more  or  less  un- 
pleasant character." 

The  object  we  wish  to  attain,  there- 
fore, is  to  divide  the  sound  wave  in  such 
a  manner  that  it  may  always  be  reflected 
evenly  and  regularly  from  the  surfaces 
with  which  it  comes  in  contact.  For  this 
purpose  we  must  examine  the  way  in 
which  the  air  vibrates  in  pipes,  and  draw 
our  conclusions  by  considering  the  air  in 
the  room  to  vibrate  similarly  to  the  air 
in  a  pipe  closed  at  both  ends.  This  can- 
not be  better  described  than  by  Ber- 
nouilli's  Theory,  of  which  the  following 
is  a  summary: 

"In  dealing  with  the  theory  of  pipes 
we  must  treat  the  air  precisely  in  the 
same  manner  as  we  have  dealt  with  elas- 
tic rods  vibrating  lengthwise,  a  pipe 
stopped  at  both  ends  being  equivalent 
to  a  rod  fixed  at  both  ends,  a  pipe  open 
at  both  ends  to  a  rod  free  at  both  ends, 
and  a  pipe  stopped  at  one  end  and  open 
at  the  other  to  a  rod  fixed  at  one  end 
and  free  at  the  other.  When,  therefore, 
air  within  a  pipe  is  everywhere  displaced 
along  the  length  of  the  pipe,  two  waves 
travel  thence  in  opposite  directions,  and 
being  reflected  at  the  extremities  of  the 
pipe,  there  results  a  stationary  wave  with 
one  or  more  fixed  model  sections,  on  one 
side  of  which  the  air  is,  at  any  moment, 
being  displaced,  in  one  direction,  while 
on  the  other  side  it  is  being  displaced 
in  the  opposite.  Hence  when  the  air  on 
both  sides  of  the  node  is  moving  tow- 
ards it,  there  is  condensation  going  on  at 
the  node,  followed  by  rarefaction  on  the 
reversal  of  the  motion  of  the  air.  As  a 
stopped  end  prevents  any  motion  of  the 
air,  a  nodal  section  is  always  found  there, 
and  as  at  the  open  end,  we  may  conceive 
the  internal  air  to  be  maintained  at  the 
same  density  as  the  external  air,  we  may 
assume  that  such  end  coincides  with  the 
middle  of  a  vential  segment." 

From  these,  assumptions,  which  form 
the  basis  of  Bernouilli's  theory  of  pipes, 
we  infer — 

That  in  a  pipe  stopped  at  both  ends, 
as  in  a  rod  fixed  at  both  ends,  there 
must  be  a  note  at  both  ends,  and 
that  any  overtones  compatible  with  this 
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arrangement  may  be  produced.  From 
this  it  is  evident  that  any  harmonic  di- 
vision would  answer  our  purpose. 

These  harmonic  divisions  are  j  },  j  ). 
&c,  but  no  fraction  which  has  not  unity 
for  its  numerator  wjll  do. 

Here,  however,  we  may  fall  into  an- 
other error  andg'ive  the  sounds,  when  re- 
produced by  the  building,  a  nasal  tone, 
unless  we  exclude  the  uneven  divisions 
from  our  list ;  for  if  the  predominant 
units  of  the  building  were  one  of  the 
uneven  harmonic  divisions,  the  result  on 
the  reproduction  of  the  sound  might  be 
the  same  as  that  of  a  narrow  stopped  or- 
gan pipe  which  gives  out  a  poor  and  even 
nasal  sound,  as  may  be  gathered  from 
the  following  extract  from  the  Encyclo- 
pcedia  JSritanica  (vol.  i,  page  108): 

••The  same  character  of  softness  be- 
longs also  to  these  instruments  in  which 
the  powerful  harmonics  are  limited  to 
the  vibrations  2,  3,  ...  6:  because  the 
mutual  interference  of  the  fundamentals 
and  their  harmonics  gives  rise  to  con- 
cords only.  The  piano,  the  open  organ 
pipe,  the  violin,  and  the  softer  tones  of 
the  human  voice,  are  of  this  class.  But 
if  the  odd  harmonics  alone  are  present, 
as  in  a  narrow  stopped  organ  pipe,  and 
in  the  clarionet,  then  the  sound  is  poor 
and  even  nasal ;  and  if  the  higher 
harmonics  beyond  the  6th  and  7th  are 
very  marked,  then  the  result  is  very' 
harsh  (as  in  reed  pipes)." 

From  this  we  infer  that  there  is  danger 
in  admitting  the  odd  harmonic  divisions 
into  our  calculations,  as  by  their  intro- 
duction the  ruling  note  might  become 
one  of  the  odd  harmonics,  and  the 
sounds  communicated  to  the  air  of  the 
building  be  thereby  distorted  in  repro- 
duction. We  therefore  propose  only  to 
use  the  even  divisions  such  as  the 
i  i  i  tV  ^2  ifo  ^c>  This  will  reduce  the 
figures  previously  found  as  follows: — 
(See  Table  on  following  column.) 
Thus  bringing  the  lengths  first  found 
down  to  practical  dimensions. 

Having  found  our  units,  we  proceed  to 
design  our  building;  the  object  in  view 
is  to  make  the  contained  column  of  air  a 
harmonic  of  any  undulation  that  can  be 
communicated  to  it.  But  the  whole  of 
the  lengths  found  above  are  harmonics  of 
any  of  the  notes  produced  either  by  the 
human  voice  or  a  musical  instrument, 
and  it  needs  no  demonstration  to  show 
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For  the  Organ  or 
any  Instrument 


768  feet. 
884    " 
192     " 

96     " 

48     " 

24     " 

12     " 
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that  their  multiples  will  either  be  har- 
monics or  multiples  of  the  same  notes, 
therefore  any  lengths  we  take  that  are 
multiples  of  those  above  found  will 
answer  our  purpose. 

Having  first  determined  the  position 
of  the  speaker  or  the  orchestra,  and 
adopted  a  convenient  unit,  the  height  is 
made  a  certain  multiple  of  this  unit,  the 
breadth  a  certain  multiple,  and  the 
length  before  and  behind  the  speaker  a 
certain  multiple,  the  best  results  being 
probably  produced  by  giving  these  mul- 
tiples some  harmonic  relation  to  each 
other.  Here  we  find  the  advantage  of 
having  excluded  the  uneven  harmonics 
from  our  previous  calculations,  in  the 
fact  that  we  are  not  forced  to  make  each 
dimension  an  even  multiple  of  the  others, 
but  may  make  one  or  more  of  them  un- 
even multiples  without  danger  of  gener- 
ating a  predominance  of  the  uneven  har- 
monics, and  thereby  impoverishing  the 
sounding  properties  of  the  columns  of 
air  contained  in  the  buildings. 

In  conclusion  we  give  the  dimensions 
of  a  few  well  known  rooms,  viz. :  the 
Free  Trade  Hall  at  Manchester  has  a 
height  of  58  feet,  a  breadth  of  78  feet, 
and  a  length  of  123  feet  to  the  front  of 
the  orchestra,  and  135  feet  to  the  back, 
which  gives  a  unit  of  3  feet,  the  height 
being  19  units,  the  breadth  26  units,  and 
the  length  41  or  45  units,  being  a  rela- 
tion between  height  and  breadth  of  near- 
ly two  to  three,  and  between  height  and 
length  of  nearly  two  to  five.  The  Thea- 
tre of  the  Royal  Institution  has  a  length 
of  44£  feet,  a  breadth  of  59^  feet,  and  a 
height  of  29  feet,  which  practically  gives 
a  unit  of  three  feet,  the  length  being  15 
units,  the  height  10  units,  and  the 
breadth  20  units,  giving  a  relation  be- 
tween length  and  height  of  three  to  .two 
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and  between  height  and  breadth  of  one 
to  two.  The  new  room  constructed  by- 
Professor  Donaldson,  at  Edinburgh,  has 
a  height  of  48  feet,  a  width  of  36  feet, 
and  a  length  of  90  feet,  giving  a  unit  of 
six  feet,  the  height  being  eight  units,  the 
breadth  six  units,  and  the  length  15 
units.  The  relation  between  breadth 
and  height  being  three  to  four,  and  be- 
tween breadth  and  length  three  to  1\. 

Here  we  have  three  rooms  known  as 
acoustical  success,  all  of  which  embody 
the  rules  enumerated  in  the  foregoing 
pages,  and  would  therefore  seem  to  point 


to  the  correctness  of  the  theories  set 
forth.  The  subject,  however,  is  one  that 
has  seldom  been  considered,  and  errors 
may  have  crept  in  which  can  only  be 
eradicated  by  free  discussion.  This 
paper  is  therefore  submitted  to  the 
Corps  for  the  purpose  of  eliciting  com- 
ments from  officers  who  have  studied  the 
subject,  and  with  the  hope  of — in  the 
end — obtaining  definite  rules  for  the 
guidance  of  architects  in  proportioning 
the  internal  dimensions  of  their  structur- 
al designs,  so  as  to  ensure  acoustical 
success. 
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IV. 


§4. 

CONJUGATE    FUNCTIONS. 

A  very  important  and  interesting  class 
of  fluid  motions  are  those  which  occur  in 
the  flowing  of  the  fluid  threugh  an  orifice. 
The  differential  equation  of  continuity 
becomes  simplified  in  this  case,  when  the 
motion  takes  place  in  two  dimensions 
only,  the  equation  becoming 

cVcp     d2q> 
— —  +  — ■  -  — o 
dx%      dy1 

If  we  introduce  the  complex-quantity 
x  4-  iy  we  shall  find  that  this  equation  is 
satisfied  by  either  the  real  or  imaginary 
part  of  a  function  of  this  complex-quan 
tity.     We  will  write  for  convenience 

z=x+iy 

then  x,y  denoting  the  rectangular  co-or- 
dinates of  a  point  in  the  plane  of  x,  y ; 
we  can  say  that  this  point  is  given  by  z. 
Any  function  of  z,  as  f(z),  we  may 
represent,  by  separation  of  its  real  and 
imaginary  parts,  as 

For  example, 

(x  +  iyf 


2  +  3* 


this  becomes 


{2-3i)(x*-y*  +  2ixy) 

4  +  9 
and  again 

TJ_2(x>-y*)  +  Gxy  a/_  4zy-3(*2-y8) 
U~  13  '   V~  13 

In  this  case  we  see  that  if  we  equate  U 
and  V  each  to  a  constant,  that  these 
equations  will  be  the  equations  of  two 
circles,  and  moreover,  that  these  circles 
are  orthogonal,  since  we  have 


Again  let 


dXJ  cfV    aXJdY_ 
dx    dx      dy  dy  ~ 


f(z)  —  sin  z— sin  (x  +  iy) 


or 


y  -y 

£  +  £ 

f(z)  =  siD.x—1: t-icosx 


iy~y\ 
fe-) 


from  which 


y  -y 

€+£ 

'2 


U=sin  x  —  ^— ,  V=cosaj 


y  -y 

€—€ 


If  we  make  y  constant  and  equal  ay 
these  will  give  us  by  elimination  of  x, 
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And  similarly  by  making  as  constant  and 
=  b,  we  find 

_IP_         V 

sin26      cos'b 

the  equation  of  a  hyperbola.  The  ellipse 
corresponding  to  a  line  drawn  parallel  to 
x,  is  orthogonal  to  the  hyperbola  corre- 
sponding to  a  line  drawn  parallel  to  y. 
We  have  by  differentiation  of/' 


and  again 


d*f 


iy) 


from  which  follow 


df     .df_ 
dx        dy 


=o 


<Pf+dY 

dx2      dy1 

In  the  first  of  these  writing  for  /  its 
value  of  U  +  i  V,  we  have,  on  separating 
real  from  imaginary, 

dV_dV 
dx  ~~  dy 
dV_  _4V 

dy  ~~      dx 

and  the  second  becomes 


+ — — =o 


dx' 


giving  also 


df 


<TU    d2V__ 
dx2      dy2 


equations  U= const,  represent  the  equi- 
potential  surfaces  in  the  fluid,  then  man- 
ifestly the  equation  V= const,  is  the 
equation  of  the  lines  of  flow.  If  V= const, 
be  the  equation  of  a  surface,  it  will  evi- 
dently be  the  bounding  surface  of  the 
fluid,  that  through  which  the  flow=o. 
Suppose  that  we  have  a  certain  region  2 
in  the  plane  xy,  throughout  which  the 
function  f{x  +  iy)  is  single  valued  and 
continuous.     The  integral 

ffiz)  dz=  ff(x  +  iy)d(x  +  iij) 

taken  in  a  positive  direction  around  the 
boundary  of  this  region  will  be  =  o. 
Represent  this  integral  by  J,  we  have 
then 

J=Y(G +iV)d(x+iy) 

or  what  is  the  same  thing 

J=f{Vdx-Ydy)  +  if(Vdx  +  TJ  dy) 

Now  by  referring  to  the  relations 

dV_   _dV    dY_dJJ 

dy  ~       dx      dy~  dx 

it  follows  that  the  quantities 

JJdx — Ydy,     Ydx  +  Vdy 

are  exact  differentials,  and  since  /is  con- 
tinuous and  single  valued  throughout  the 
given  space,  it  follows  easily  that 

Suppose  now  that  the  function  f  does 
not  remain  continuous  and  single  valued 
throughout  the  region  s.  Suppose  this 
region  to  be  enlarged  by  an  amount  abed 
as  shown  in  the  figure. 


(TV 
dx2 


d*V 


dy' 


We  have  also  from  the  expressions  for 
the  first  derivatives 

OT    dV      dVdY_ 
dx     dx       dy  dy 

or  in  general  the  loci  represented  by  the 
equations 

TJ= const,  and  V= const. 

are  orthogonal.     So  we  can  in  our  case 
of  fluid  motion  evidently  let  one  of  these 


Call  the  new  region  2'  and  the  corre- 
sponding line  integral  J',  and  further  as- 
sume that  in  the  region  abed  the  func- 
tion /  is  single  valued  and  continuous. 
The  integrals  J'  and  J  taken  in  a  positive 
direction  around  the  bounding  lines  of 
the  regions  2'  and  2  will  give  rise  to  the 
equation 

J' — J  =  \_adc~]  —  \_abe'] 
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where  the  symbols  \_adc]  and  \_abc~]  repre- 
sent the  line  integrals  of 

fmdz 

over  the  curves  adc  and  abc.     Now 

\abc\  =  —  \_cba] 

and  consequently 

J'— J=  [adc]  +  [cba] 

The  right  hand  side  is  evidently  the 
integral 


/A$<k 


over  the  boundary  of  the  region  2'-2  and 
consequently  by  the  foregoing  theorem 
is=o   i.e., 

That  is  the  line  integral  around  the  re- 
gion 2  which  contains  points  where  dis- 
continuity may  occur,  is  not  altered  in 
value  if  we  take  the  integral  over  a  new 
boundary  which  shall  include  no  new 
point  of  discontinuity. 

Again,  let  2  denote  a  certain  region,  any 
movingpoint  in  which  is  given  by  z=x-{-iy, 
*  let  this  region  also  contain  a  certain  fixed 
point  y=.a  +  ij3,  then  the  fraction 

1  1 

z— y~  (x  +  iy)  -  (a  +  iff) 

possesses  the  property  of  remaining  finite 
and  continuous  throughout  the  region  ex- 
cept at  the  point  y  when  it  becomes  in- 
finite.    The  same  is  true  if  the  function 

f(z)  =       A*  +  iy) 
z—y     {x  +  iy)  —  (a  +  i/3) ' 

If  we  describe  around  the  point  y  a 
small  circle  and  call  this  (T,  then  the 
above  function  will  be  continuous  and 
finite  throughout  the  entire  region  2 — <T, 
no  matter  how  small  the  circle.  Now  if 
the  boundary  of  2  be  considered  as  an 
enlargement  of  that  of  (T,  then  the  inte- 
gral of  the  above  function  will  be  the 
same  whether  it  be  taken  in  the  positive 
direction  around  the  boundary  of  a  or 
around  that  of  2.  If  we  designate  the 
points  on  the  boundary  of  a  by  £  +  irj, 
this  will  give  us 

/^(C4-  itf)d(Z  +  iff)  _   fAx  +  H/Wx  +  iy) 
J  <£  +  iri)-{a  +  if6)~J  (x  +  iy)-(a  +  ifj) 

Consider  a  circle  passing  through 
C  +  ir}  and  having  its  center  at  a  -j-  i/3  and 


radius   =p,  let  the  angle  of  the  radius 
with  x  be  $,  then 

C—a=ip  cos  S- 

7/— /3=psm$ 
and 

(C  +  irf)  —  («  +  i/3) = p(cosS-  +  i  sinS) = ps 
and  consequently 

df(C+*7J 

which  gives 

d(Z  +  it/) 


i$ 


ips     d$, 


our  left  hand  integral  now  becomes 

or  2m /  — — s— 'A1 — 

*  2np 

Representing  the  circumference  of  6 
by  this  symbol,  the  integral  is 

2m 

a 

and  our  equation  becomes 

<5* 


^TfM+fy)** 


rJ/{"  +  t??)aa-2m^   (x  +  iy)-(a  +  i/3) 

Representing  the  integral  on  the  left 
by  F,  allow  the  circle  whose  radius  is  p 
to  become  smaller  and  smaller.  The 
function  F  is  the  mean  of  all  the  values 
which  the  function  f  assumes  upon  the 
circle  described  around  a  +  i/3  as  center. 
As  the  circle  becomes  smaller,  the  value 
of  F  gradually  changes,  approaching  the 
value  f{a  +  iff)  which  /  has  at  the  point 
a  +  i/3,  and  when  the  circle  has  so  con- 
tracted as  to  coincide  with  the  point 
F  becomes  =f(a  +  i/3),  giving  us  then 

fiajutR\-  L  fAx+iy)d{x+iy) 

A  +  P)~2m^   (x  +  iy)-(a  +  i/3) 


or 


1     fi/\*)dz 
2ni^   z—y 


By  interchange  of  a  +  i/3  with  x-\-iy 
which  a  little  consideration  will  show  to 
be  permissible,  this  becomes 


2m 

when  z  is  a  point  inside  and  y  a  point  on 
the  boundary  of  s.  Differentiating  with 
respect  to  z  gives  us 
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T  W~2*T*/  {y-zY 

/•<M-  Jl_  ft\rW 

'    W-~2xW    {y-zY 

when ,  w  being  any  whole  number, 

varies  continuously  with  the  motion  of  z,- 
provided  that  z  never  coincides  with  y. 
[The  same  is  true  of  the  sum 

(r_2)n+(r._2)n+     '  (r»-2)n 

the  numerators  JH  being  arbitrary  con- 
stants]. Consequently  follows  that  the 
derived  functions  f'(z),  f"(z)  ....  or 
f  («+  iy),  f'(x-\iy)  ....  will  be  single 
valued  and  continuous  inside  the  region 
2  if  the  function  f(x+iy)  is  within  the 
same  region,  single  valued  and  continu- 
ous. Suppose  that  we  have  two  functions 
fx  and/3  of  *  in  the  form 

then  will  fifs  be  a  function  of  z. 

/y^UU'-W'  4-  i(VU  +  TJT)       • 


<&c 


From  these  follow,  by  remembering 
the  relations  among  these  differential 
coefficients 

_^(TJU'- W)  =  %  (UV  +  VU') 
dx  ciy 

^(UV'  +  VU0  =  -|(UU-W0 

which  proves  the  theorum. 

Take  the  differential  coefficient 


this  is 


df    d{TJ  +  iV) 
dz~ d(x  +  iy) 


/dU      d\ 


.rfV\,       /dJJ      .dY\7 

dx  +  idy 
Vol.  XXL— No.  5—29 


dV     .dV 

"  dx       dx 

or  Li  is  a  function  of  z  independent  of  dz. 

1 12 

In  fact  this  is  the  definition  that  Reimann 
gives  of  the  functions  of  complex  variables. 
He  says;  "a  variable  complex  quantity 
w  is  said  to  be  a  function  of  another  va- 
riable complex  quantity  z  if  it  so  varied 
with  z  that  the  value  of  the  differential 

coefficient   --=■-    is    independent    of    dz." 

Place 


\dxl      \dxl 


~\dyl       \  dy  1 
~\dx)  +  Wy/      \dx)  +\dy! 


_dV  dV__dV  dY 

"  dx    dy      dy    dx 
From  these  together  with  the  identities 
-_dz  dV     dx  dY 
~dJJ  dx     dY  dx9 
_  dy  d~U     dy  dY 
0~dW~dx~"{'dY~dx~, 
dx  dJJ     dx  dY 
0~dV~dy+dY  dy9 
_dy  dV     dy  dY 
dV  dy+dY  dy9 


we  have 
dx 
dV 


dV 
dx' 


dy 
dV 


dY 
dx 


dx_       l^dV     dy_l_dY 
dY~~W  dy'    rfV~M2  dy 

and  from  these  also  follow 

dx      dy      dx         dy 

dV=dY'    dY=~dV 

From  these  it  follows  that  if  f'(z),(=w),ia 
a  function  of  z,  then  inversely  z  is  func- 
tion of  w.  If  we  now  consider  x  and  y 
as  the  co-ordinates  of  a  certain  point  in 
the  plane  xy  we  may  also  consider  U  and 
V  to  be  the  co-ordinates  of  a  certain  j3oint 
in  another  plane.  Now  the  above  assump- 
tions holding  concerning  to  and  z  we  have 

seen  that  —  is  a  single  valued  and  con- 


dz 


dz 


tinuous  function  of  z  and  also  -^  is  such 

dw 

a  function  of  w.     Now  place 
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^=M(cosS-MsinS) 

then  M  and  3"  are  functions  of  x  and  y. 
This  equation  becomes  when  written  in 
full 

dV  +  idY— M(cos£  +  ^sinS")  (dx  +  idy) 

From  which  by  equating  the  real  and 
imaginary  parts  separately 

dU=M(cos  $dx— sin  $dy) 
dV=M(sin  $  dx  +  cos  $  dy) 

Now  if  we  assume  that  the  z  plane 
and  the  w  plane  originally  coincide  with 
a  material  plane,  that  the  axis  of  U 
coincides  with  that  of  x,  the  axis  of  V 
coincides  with  that  of  y,  we  have  that  x 
and  y  representing  the  co-ordinates  of  a 
material  point  of  this  plane,  U  and  V 
represent  the  new  co-ordinates  of  the 
same  point  in  a  certain  new  position  of 
the  plane.  The  above  equations  then 
give  the  variation  of  an  element  of  this 
plane  due  to  a  certain  displacement  par 
allel  to  itself,  a  positive  rotation  through 
an  angle  3,  and  an  expansion  of  its 
linear  dimensions  in  a  ratio  of  1:M.  We 
have 

dJJ2  +  dY2=M(dxi  +  dy') 

and  it  is  easy  to  show  by  means  of  the 
direction  cosines,  that  the  angles  between 
the  corresponding  sides  of  the  element 
are  equal  in  both  positions,  that  is,  the 
element  of  the  plane  in  its  new  position 
is  similar  to  the  corresponding  element 
in  the  original  position.  It  is  not  true 
of  a  finite  portion  of  either  planes  that  it 
is  similar  to  a  finite  portion  of  the  other, 
except  in  certain  special  cases.  When 
such  a  correspondence  holds  throughout 
the  entire  regions  of  w  and  z,  these 
planes  are  said  to  be  projected  upon 
each  other  in  similar  elements.     Assume 


now 


a+  6z        _  a—yw 

w= ~  and2=  — 


y  +  dz  fi—dw 

a,  /?,  y,  6  being  simple  constants,  z  and  w 
are  now  single  valued  functions  the  one 
of  the  other  throughout  the  entire 
regions  of  these  variables,  they  are  not, 
however,  everywhere  continuous;  since 
for  y  +  dz=o  we  have  w=oo  and  for 
j3— dw=o  z=cc .  Consider  the  region 
of  z  to  be  bounded  by  two  closed  lines, 
one  infinitely  small  around  the  point 
y  +  dz=o,  and  the  other  infinitely  great. 


The  region  of  w  is  then  also  limited 
by  two  closed  curves,  one  infinitesimal 
corresponding  to  the  infinitely  great 
curve  of  the  region  z,  and  the  other 
infinitely  great  corresponding  to  the 
infinitesimal  curve  around  the  point 
y  +  dz=o.  We  will  now  show  that  to 
any  circle  in  the  region  of  z  then  corre- 
sponds some  circle  in  the  region  of  w. 
Assume  two  new  variables  z'  and  w'  such 
that 

z=a  +  bz',  w=A.  +  JSw' 

The  constants  being  such  that 

the  constants  can  be  determined  easily 
when  d±o,  by  observing  that  for  z'=o 
w'=ao  and  conversely,  and  for  either  of 
these  =1  the  other  is  also=l.  We  have 
then  without  difficulty 

/3-A6=o 
y  +  ad=zo 
a  +  a/3=Bbd 

We  have  now 

z'=x'  +  iy',  w'=U'  +  iY' 

and  from  the  above  relation  between  v>' 
and  z' 

x  —ly 


ir+^v': 


hence 


and 


x'  +  iy 


V2  +  2/'2 


U'= 


x' 


x'*  +  y'» 


V= 


-y 


x*  +  yn 


x  = 


U' 


U' 


y  = 


+  y/2>    iJ   ~  -Q/2-l-V/2 

If  then  we  have  between  x'y'  the  rela- 
tion 

ai  (^  +  y'2)  +  <*  &'  +  ay  +  a=o 

we  will  also  have  between  U'  and  V'  the 
relation 

a1  +  aaU'-«3V'  +  «4(U,2+V'2)=o. 

that  is,  a  circle  in  the  plane  of  z'  corre- 
sponds to  a  circle  in  the  plane  of  w\ 
Now  a  circle  in  the  plane  of  z  obviously 
corresponds  to  a  circle  in  the  plane  of  z' 
and  similarly  for  w  and  w',  therefore 
finally  a  circle  in  the  plane  of  z  will 
correspond  to  a  circle  in  the  plane  of  w. 
In  the  relation 

a  +  (3z 

y  +  oz 

these  are  really  only  three  independent 
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complex  constants,  viz.:  the  ratios 
a :  ft :  y :  S.  We  can  establish  then  such 
linear  relations  among  these  as  to  make 
three  arbitrarily  chosen  points  a,  h,  <\  in 
the  z  plane  correspond  to  three  such 
points  A,  B,  C  in  the  w  plane,  then  by 
virtue  of  what  has  been  shown  above, 
the  circle  described  through  a,  b,  c  will 
correspond  to  the  circle  though  A,  B,  C. 
Designate  the  surfaces  included  within 
these  circles  by  s  and  S  respectively. 
These  areas  will  correspond  to  each 
other  if  neither  of  them  contain  a  point 
of  discontinuity.  Suppose,  however, 
that  the  point  y  +  dz=o  lies  within  s, 
then  the  surfaces  s  and  S  do  not  corre- 
spond, but  each  corresponds  to  that 
portion  of  the  region  of  the  other  which 
remains  after  taking  away  the  portions  s 
and  S  respectively.  The  point  in  the 
region  of  w  that  corresponds  to  the 
point  y  +  dz=o  lies  at  infinity,  and  if  we 
describe  about  this 'point  y  +  6z=o,  an 
infinitely  small  closed  curve,  it  will  corre- 
spond in  the  region  of  w  to  an  infinitely 
great  closed  curve.  All  outside  of  this 
curve,  then,  is  the  region  of  z,  and  corre- 
sponds to  the  region  of  w  included  with- 
in the  infinitely  great  closed  curve. 
In  the  expressions 

a-\-  Bz  a — yw 

w=——z-,  Z—~T^ — * 
y  +  oz  p  —  oio 

we  saw  that  such  relations  could  be 
introduced  among  the  independent  con- 
stants as  to  cause  them  to  represent 
three  arbitrary  corresponding  points  in 
the  planes  of  z  and  w,  and  that  conse- 
quently through  these  points  we  can 
describe  circles  which  shall  correspond. 

Then  the  circles  which  pass  through 
two  points  a,  b  of  the  plane  z  will  corre- 
spond to  the  circles  which  pass  through 
the  two  corresponding  points  A,  B  of  the 
w  plane  and  make  the  same  angles  with 
each  other.  The  surface  included  between 
these  two  arcs  will  be  in  the  form  of  a 
crescent,  and  we  will  designate  it  by 
this  name.  If  one  of  the  vertices  of  the 
crescent  for  example  the  point  B  passes 
to  infinity  the  bounding  circles  which 
pass  through  a  will  become  straight  lines 
and  the  figure  thus  formed  we  may  ap- 
proximately call  a  sector.    The  equations 

a-\- Bz  a — yw 

W  — -,         z=  — 


y  +  dz 


fi  —  dw 


now  afford  us  the  means  of  projecting  an 


arbitrary  crescent  in  the  plane  of  2 upon 
an  arbitrary  crescent  in  the  plane  of  to  so 
that  the  vertices  a,  b  shall  correspond  to 
A,B  and  also  so  that  a  third  point  c,  in  the 
periphery  of  the  z  crescent  may  correspond 
to  a  third  point  C  in  the  periphery  of 
the  w  crescent,  provided  that  the  motion 
in  the  direction  abca  shall  have  the  same 
sign  as  the  motion  in  the  direction  ABCA. 
We  will  state  without  proof  another  prin- 
ciple.    If   the  region   of   z  contains  no 

points  in  which  —  is  either  equal  to  zero 

or  infinity,  and  if  further  this  region  is 
bounded  by  a  closed  non-cutting  line, 
and  if  the  correspoding  line  in  the  w  re- 
is  non-cutting  then  throughout  this  region 
of  w  the  points  correspond  singly  to  those 
in  the  region  of  z.  The  bounding  line  of 
the  z  region  may  be  allowed  to  approach 
indefinitely  near  to  certain  points  in  which 

— -  is  either  zero  or  infinite,  and  in  this 
dz 

sense  we  may  say  that  such  points  can  lie 
in  the  bounding  line  of  the  region.  As- 
sume now 

w=(x  +  iy)n =zn 

where  n  is  a  real  constant.     Also  write 

U=Rcos0      x=rcos$ 
V=Rsin#      ?/=rsinS' 

then  we  have 

R[cos#  +  2sin0]  =  ;/n(cos?iS'  +  2sm?i5) 
from  which  follows 

TL  =  y"         6  +  n$ 

Now  if  we  conceive  the  z  region  to  be 
bounded  by  two  circles  y= const.,  and 
two  right  lines  $= const,  then  will  the  to 
region  be  bounded  by  two  corresponding 
circles  R= const,  and  two  corresponding 
right  lines  6= const.  If  one  of  the  cir- 
cles be  conceived  infinitely  small  and  the 
other  infinitely  large,  our  two  regions 
become  sectors  whose  angles  a  and  A  are 
connected  by  the  relation  A=na.  If 
neither  a  nor  A  be  greater  than  In  then 
a  single  point  in  the  z  region  will  corre- 
spond to  a  single  point  in  the  w  region. 

We  have  also 

dw        n~1 
7  —nz 
dz 

this  is=o  for  z=o  and  w>l;  for  71  <1  it 
is  equal  to  infinity.  Introduce  now  two 
new  planes  z'  and  v/  and  place 
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z=Jc' 


2  —C„ 


and  w—'K. 


w 


■C. 


w 


■C. 


By  means  of  these  equations  our  two 
sectors  which  form  the  regions  of  z  and 
w  are  projected  upon  two  crescents  in 
the  planes  of  z'  and  w'.  The  vertices  of 
these  crescents  are  the  points 


z'=e 


,  ^=cl5 


w 


-CL 


The  complex  constants  k  and  K  can  be 
so  chosen  that  two  arbitrary  correspond- 
ing points  of  the  peripheries  of  the  sect- 
ors shall  correspond  to  two  arbitrary 
corresponding  points  in  the  peripheries 
of  the  crescents,  always  remembering 
that  the  motion  from  two  corresponding 
points  of  the  figures,  through  the  vertex, 
to  the  remaining  corresponding  points 
must  have  the  same  sign.  We  have 
now,  by  elimination  of  z  and  w  by  means 
of  the  relation 

A 

1D—Z- 


l  since 


aj 
knw'— C, 


A 


\z  —cj 


according  as  A  is  greater  or  less  than  a 
will,  at  the  vertices,  be  the  differential 

coefficient— ■=-  be=o  or =00  . 
dz' 

This  equation  gives  us  the  means  of 
projecting  one  crescent  upon  another 
having  a  different  angle,  so  that  the 
vertices  and  also  two  arbitrarily  chosen 
points  in  the  peripheries  shall  corre- 
spond. Assume  now  that  k.—  n  that  is 
the  crescent  in  the  w'  plane  is  a  complete 
circle.  Our  above  equation  becomes,  by 
omitting   the   now  unnecessary   accents 

and  writing7^=N, 


N 


w-C 


w 


HSj 


7T 


Now  if  the  constants  K,  Cl5  C2  be  so 
chosen  that  three  arbitrary  points  of  the 
z  crescent  shall  correspond  to  three 
arbitrary  points  in  w  plane,  then  this 
equation  gives  the  projection  of  our  z 
crescent  upon  an  entire  circular  in  the  w 
plane,  whose  circumference  passes 
through  these  three  points.     Now  intro- 


duce again  a  new  variable  z\  and  con- 
ceive in  the  plane  of  z  that  we  have  a 
crescent  whose  vertices  are 


z  =c,  =cn 


and  whose  angle --a'.     Now  if  we  write 


N 


^-c/ 


w- 


■C, 


and  determine  the  constants  N',  C/,  C3', 
so  that  three  arbitrary  points  of  the 
periphery  of  this  z  crescent  shall  corre- 
spond to  the  three  points  already  deter- 
mined in  the  w  plane  as  corresponding  to 
three  points  of  the  z  crescent,  then  are 
these  crescents  in  z  and  z'  planes  both 
projected  upon  the  same  circle  in  the  w 
plane;  and  also  are  they  projected  upon 
each  other  so  that  three  arbitrary  points 
in  the  periphery  of  the  one  correspond 
to  three  arbitrary  points  in  the  periphery 
of  the  other.  We  can  obtain  the  equa- 
tion between  z  and  z'  by  eliminating  w 
from  the  two  equations  which  contain 
these  quantities.  If  both  vertices  of  a 
crescent  pass  to  infinity,  our  crescent 
will  assume  the  form  of  a  plane  strip 
with  parallel  sides,  this  figure  we  will 
simply  call  a  strip.     If  we  write 

-c=c  = 

=£(cosA  +  ^sinA) 

we  see  that  I  designates  the  half  distance 
between  the  vertices  of  the  z  crescent, 
and  A  the  angle  which  this  connecting 
line  makes  with  the  axis  of  x.  If  the 
lengths  of  the  circular  arcs  that  bound 
the  crescent  be  denoted  in  parts  of  the 
radii  by  2/3  and  2y,  then  clearly  the 
angle  a  between  them  will  be  given  by 

y-/3=a 

Call  the  greatest  breadth  of  the  crescent 

b.     Then  we  easily  see  that  £tan  £-,   and 

6 
I  tan  jr   represent   the   attitudes  of  the 

A 

two  arcs  measured  from  the  line  connect- 
ing their  intersections,  and  consequently 

b=ll  tan  ^— tan^-j 

Now   when   the   crescent    becomes    a 
strip,  y  and  (5  become  infinitely  small, 

and  tan  ~,  tan-^  sensibly  equal  to^  which 

is  of  course  also  infinitely  small ;  I,  how- 
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ever,  becomes   infinitely   great,  and   we 
now  have 

7       la 


Now  by  omitting  the  factor  (--)  a    the 
quantity 

\n  /  —    \— 

(- — -1 )  a  becomes  ( - ! )  a 
z-cj                      \z-cj 

and  this  by  replacing  the  infinitely  great 
quantities  cx  and  c%  by  c,  becomes 


=  (l+Z-)a  =(l  +  -—z)a 
\  C/  \  7t  ac    I 

Now  for  a  =  o  and  ac= const,  we  have 
developing  by  the  Binomial  Theornm 

(z—c\-  2rtZ  nz  .   . 

( )  a  —I —  I  —  (cosA-zsmA) 

\c—z/  ac  b    v  ' 


since 


*  _/«  _<*c  (cos/\  -f  t  sin  A  )_1 


=  —  (cos  A  —  £sin  A). 
z  v  y 

We  will  return  now  to  the  remark 
made  in  the  chapter  when  we  showed 
that  the  conjugate  functions  U  and  V 
equated  to  constants  represented  orthog- 
onal loci,  and  that  consequently  the 
equations 

U= const,  and  V= const. 

might  represent  respectively  the  equa- 
tions of  the  equi-potential  surfaces  and 
the  equation  of  the  stream  lines.  As  a 
simple  example  let  us  take 


or  simply 


w=log 


z—c. 


z—c. 


write  also 

y—b^ysinS^  y— ^  =  ;/sm35 

Then  follows  easily 


U=log^S 

r2 


V=3.-3 


Now  for  the  stream  lines  write  V= const, 
that  is 

3  —  3  =  const. 


Now  3,—  3,,  is  the  angle  made  with  each 
by  the  radii  yt  and  y%  drawn  between  the 
points  whose  co-ordinates  are  (:r,i/,((r/>i) 
and  (.<',//,".,/>,,)  or  (a,cj  and  (z,o9).  The 
condition  that  this  angle  shall  be  constant 
gives  that  the  point  ay/  lies  on  the  cir- 
cumference of  a  circle  passing  through 
the  points  c,  and  ca.  The  arcs  of  circles 
then  which  join  these  points  are  the 
stream  lines.     For  the  equipotential  sur- 

y 

faces  we  have  — = const.,  and  it  is  easy 

to  see  that  this  represents  a  circle  passing 
through  two  points  on  the  line  c,ca  which, 
are  harmonically  situated  with  respect  to 
the  points  cl  and  c2.  We  have  from  the 
equation 

w=TJ  +  iV 

by  differentiation  with  respect  to  z 
dw  _e?U     ,c?V 

dz       dx        dx 
_dV_.dJ 
dx        dy 


and  also 


dz 

dw 


dJJ      .d]J 

dx         dy 


A 


dV\ 
dx) 


\dy)    Y  \dx)^\dy) 


Calling  this  quantity  C  we  may  write 
dz 


dw 


=  £=£  +  ^  ?/=p(cos3  +  2sin3) 


When  S,  and  rj  are  the  rectangular 
co-ordinates  of  a  point  in  a  plane  that  we 
may  call  the  C  plane,  and  so  taken  that 
the  axes  of  C  and  x  are  parallel  as  also 
those. of  rj  and  y.  Then  we  see  that  p 
denoting  a  line  drawn  from  the  origin  of 
the  new  system  of  axes  to  the  point  Z  that 

—  is  =to  the  velocity,  and  the  direction 

of  p  is  the  direction  of  the  motion  in  the 
point  z.  For  example  suppose  that  the 
region  of  C  is  a  crescent  as  shewn  in  the 
figure,  and  that  during  a  certain  portion 
of  the  fluid  motion  the  velocity  is  con- 
stant and  =1.  Then  the  point  £=o  may 
be  taken  as  the  center  of  the  inner  arc  of 
the  crescent  and  this  radius  equal  to 
unity. 

The  velocity  will  be  constant  in  every 
portion  of  z  that  coiTesponds  to  a  point 
on  the  inner  circle  of  the  crescent.  At 
the  points  C3  and  £4,  however,  there  will 
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bela  change  both  in  the  amount  and 
direction  of  the  velocity.  And  it  is  easy 
to  see  that  the  points  in  the  region  of  z 
corresponding  to  these  points,  will  be 
points  of  contra-flexure  in  the  stream 
lines.  But  we  will  examine  this  more 
closely  again. 

§5.- 

on][the  flow  of  a  fluid  through  an  ori- 
fice. 

If  we  have  no  external  forces  acting  on 
the  fluid,  the  equation  which  gives  the 
fluid  pressure,  as  obtained  in  the  first 
chapter,  becomes  simply,  after  integration 
making  the  density  p=l, 

The  quantity  in  the  brackets  represents 
the  square  of  the  velocity.  Then  we  see 
that  as  the  pressure  diminishes  the  veloc- 
ity increases,  the  former  becoming  equal 
to  —  x  for  the  latter  =  +  oo  .  In  a  fluid 
we  know  however  that  an  indefinite  dim- 
inution of  the  pressure  is  not  possible, 
for  after  having  reached  a  certain  point 
the  fluid  must  fly  apart.  Now  suppose 
the  pressure  to  have  reached  this  value 
or,  say,  suppose  the  pressure  to  assume 
this  value  then  there  will  be  a  sudden  in- 
crease in  the  velocity.  This  is  evidently 
the  case  of  a  fluid  issuing  from  an  orifice: 
there  is  a  sudden  change  in  the  velocity 
owing  to  their  being  no  longer  a  pressure 
normal  to  the  bounding  of  the  stream. 
This  bounding  surface  through  which 
there  is  no  flow  can  be  given,  as  before 
mentioned,  by  the  equation  Y= const. 
since  it  is  made  up  of  stream  lines.  The 
surface  where  the  velocity  suddenly  alters 
is  the  surface  which  separates  one  fluid 
from  another;  the  pressure  and  normal 
components  of  the  velocity  must  be  equal 
upon  opposite  sides  of  this  surface.  Sup- 
pose that  we  have  only  two  fluids,  one 


which  occupies  a  certain  region,  in  motion 
and  is  in  connection  with  another  which 
is  at  rest.  The  surface  where  this  occurs 
is  then  composed  of  stream  lines  and  the 
velocity  in  this  surface  is  constant  through- 
out the  entire  extent,  and,  if  we  please, 
=1.  We  further  assume  now  in  accord- 
ance with  the  assumption  of  the  previous 
chapter,  that  the  velocity  potential  U  is 
a  function  only  of  x  and  y,  and  that  we 
have 

z=x  +  iy        -w=TJ  +  iY. 


dz 
dw 


\= C= £  +  i??=p{cosS'  +  isinS-), 


Now  our  problem  is  as  follows.  Regard- 
ing U  and  V  as  rectangular  co-ordinates 
of  a  point  in  the  w  plane,  we  make  cer- 
tain suppositions  concerning  the  regions 
of  C  and  w  and  then  seek  to  find  the  con- 
ditions which  must  exist  between  these 
quantities  that  the  regions  may  be  pro- 
jected upon  each  other  in  such  a  way  that 
their  elements  shall  be  similar.  Having 
found  this  relation  we  have  z  from  the 
equation 

z=fCdw. 

this  gives  then  the  region  of  z  corre- 
sponding to  the  assumed  regions  of  £ 
and  w,  and  so  determines  the  form  of 
the  space  occupied  by  the  moving  fluid. 
We  evidently  solve  an  inverse  problem, 
assuming  the  motion  and  finding  the 
form  of  the  vessel  containing  the  fluid, 
and  also  the  position  and  form  of  the' 
orifice.  After  the  fluid  passes  the  orifice 
the  velocity  is  constant,  so  that  from 
what  we  found  concerning  p,  we  can 
represent  the  velocity  at  any  point  out- 
side of  the  orifice  in  magnitude  and 
direction,  by  equal  lines  drawn  from  the 
point  C=o  to  other  points  in  the  region 
of  C.  These  points  will  clearly  lie  in  a 
circle  whose  center  is  at  C— o,  and  this 
circular  arc  will  correspond  to  .the 
boundaries  of  the  fluid  outside  of  the 
orifice,  or  what  we  may  call  the  free  bound- 
aries. Now  if  we  draw  another  circle, 
cuttting  this  first  and  take  one  of  the 
crescents  so  formed  for  the  region  of  C 
we  will  have  that  the  radii  vectores  drawn 
to  the  different  points  of  this  region  will 
represent  in  magnitude  and  direction  the 
velocity  at  the  corresponding  point  of 
the  z  region.  Assume  now  that  our  w  re- 
gion is  a  certain  strip  at  the  limits  of  which 
the  following  equations  hold: 
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V=V0        U=-oo 

V=V0  +  aU=  +  oo 

a  and  V0  being  constants.  Now  suppose 
that  the  region  of  C  is  a  crescent  one  of 
whose  limiting  circles  has  for  equation 

P=i 

and  for  every  point  in  the  interior  of  the 
crescent  p>l.     The  velocity  then,  which 

varies  as — ,  diminishes  as  we  travel  along 

the  outer  circle  of  the  crescents,  becom- 
ing at  the  vertices =1,  where  its  variation 
suddenly  becomes  =o.  As  the  direction 
of  motion  of  the  radius  vector  here  also 
changes  suddenly  into  the  opposite,  we 
see  as  before  mentioned,  that  the  points, 
where  the  fluid  leaves  the  orifice,  are 
points  of  contra-flexure  on  the  corre- 
sponding stream  lines.  We  are  at 
liberty  now  to  choose  three  points  in  the 
limits  of  our  crescent  to  correspond  to 
three  points  in  the  limits  of  the  strip. 
Assume  then  that 


and 


C=C1forU=-oo 
C=:,forU=  +  » 


and  also  assume  £2  to  lie  upon  the  arc  of 
the  circle  whose  equation  is  p=l,  and  C, 
to  he  upon  the  other  arc  of  the  crescent. 
We  can  now  ascertain  without  further 
assumption,  the  character  of  the  z  region, 
and  the  nature  of  the  motion  in  that 
region.  From  the  equation  before  given 
for  z,  viz: 

z=  I  Zdw 

we  see  at  once  that  the  region  of  z 
extends  to  infinity,  because  that  of  w, 
depending  upon  TJ  which  has  infinite 
values,  reaches  to  infinity,  and  the  least 
value  of  C  corresponds  to  p=l,  that  is,  C 
never  vanishes.  Let  z1  and  z2  be  the 
values  of  z  for  cp=  —  oo  and +  00  respect- 
ively; i.e.,f(z1)=-cc,f(zj=  +  cc.  These 
points  z1  and  z2  lying  at  infinity,  thus 
correspond  to  the  points  C,  and  £2  lying 
on  the  two  parts  of  the  periphery  of  the 
crescent.  The  radii  vectores  drawn  from 
C=o  to  the  points  C,  and  C?,  we  will  call, 
according  to  the  convention,  px  and  p2. 
Then   at  the  point  z1  and  at   all   finite 

distances  from  it  is  the  velocity  =— ,  and 

the  direction  of  the  motion  parallel  to  p . 


At  z2  and  at  all  finite  distances  from  it,  is 
the  direction  motion  parallel  to  p2,  and 

the  velocitv  = —  =1.     From   the   equa- 

P, 
tion. 

~  =  p(cos  3-  +  i  sin  3") 
dw 

we  see  that  all  linear  dimensions  of  the 
elementary  portions  of  the  z  region  are 
enlarged  in  the  projection  upon  the  w 
region  in  the  ratio  of  1 :  p.  In  the 
neighborhood  of  3a,  that  is,  when  we 
have  p=p2  =  l,  this  ratio  becomes  =  1, 
consequently  the  path  of  the  z  region  is 
congruent  to  the  corresponding  part  of 
the  w  region.  Now  b  is  the  breadth  of 
the  stream  at  this  point,  then  at  zx  the 
breadth  is  pf>.  In  sa,  and  at  finite  dis- 
tances from  it,  the  velocity  is  constant 
=  1,  then  the  stream  has  a  free  boundary 
line.  In  zx,  and  at  finite  distances  there- 
from, the  velocity  is  variable,  and  pro- 
portional to  — that  is,  is  less  than  at  z2, 

this  portion  of  the  fluid  region  is 
then  bounded  by  fixed  walls.  Call- 
ing C3  and  C4  the  vertices  of  the  C 
crescent,  then  the  corresponding  points 
of  the  z  region  may  be  called  z3  and  z4 
as  for  these  points  on  the  crescent,  the 
velocity  suddenly  changes  from  variable 
to  constant,  so  for  the  corresponding 
points  in  the  z  region  will  the  boundaries 
change  from  fixed  to  free.  As  the  radius 
vector  p  travels  from  £3  to  8>l  and  here 
becomes  parallel  to  an  infinite  line,  so  in 
moving  from  z3  along  the  boundary  to 
21?  do  we  traverse  a  curve  the  tangents 
to  which  are  parallel  to  the  radii  vectores 
to  the  corresponding  points  in  the  8, 
crescent,  until  we  arrive  at  the  tangent 
parallel  to  px  which  extends  to  infinity, 
when  suddenly  changing,  we  travel  down 
the  opposite  boundary  of  the  z  region,  pi 
occupying  still  the  same  position,  and 
then  our  boundary  of  the  z  region  begins 
again  to  be  curved,  and  continues  so  to 
curve  until  we  reach  z4,  which  with  z3  is, 
as  has  already  been  mentioned,  a  point  of 
contra-flexure.  The  curvature  continues 
after  this  in  the  opposite  direction  as  we 
follow  the  circle  p— 1,  until  we  come 
again  to  p2,  when  the  same  operation  is 
repeated  that  we  described  as  going  on 
in  the  region  bounded  by  fixed  walls. 
Call  ds  an  element  of  a  stream  line. 
Then  we  have  for  the  velocity 
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dTJ      1         7  7TT 

-— =  —  or  ds=pdV. 
as       p 

Now  we  defined  an  angle  5  by  the 
equation 

C= %>  +  ir?=p(cosS'  +  ^  sin£) 

And  for   the   radius   of   curvature  of 

ds  we  have  Tcr 

d$ 

_  pdJJ 

Now  we  have  w=TJ  +  iV,  and  for 
stream  lines  V= const.,  therefore  in  this 
case  is 

,    dJJ=dw 

and  the  radius  of  curvature  is 

_pdw 

~~dW 

Now  our  above  equation  giving  £  is 
evidently  equivalent  to 

Z=pe 
Taking  logarithms  of  this 
log£=\ogp  +  i$ 
differentiating 

d£     dp 

-3-  =z-*-+id$ 
c,        p 

If  the  stream  line  is  one  lying  in  the 
free  limits  of  the  stream,  then  p=l  and 
dp=o  consequently 

and  the  radius  of  curvature  becomes 

"We  suppose  the  angle  of  the  crescent  to 

<  n ;  then  the  portions  of  the  8,  region 

infinitely  near  the  points  £3  and  <?4  we 

may  regard  as  portions  of  sectors  which 

dz 
by  the  relation  -r-=<3  are  projected  upon 

corresponding  sectors  in  the  w  region, 
and  consequently  at  those  points  the  ratio 

-j^  will  be  indefinitely  small,  and  so  by 

the  above  equation  will  be  the  radius  of 
curvature.  For  any  point  of  the  fixed 
walls  dp  4=  o.  "We  can  by  differentiation 
of  the  equation  between  p  and  3-  which 
expresses  the  second  circle  of  the  C  cres- 
cent, obtain  a  relation  between  dp  and 
and  dS,  then  by  aid  of  the  equation 


^JP  +  id$ 

e>       p 

we  can  express  d$  as  function  of  dS,.  If 
this  circle  becomes  a  right  line  its  equa- 
tion will  be  £= const,  or  d$=o.  But  in 
general  we  see  that  we  can  express  the 
radius  of  curvature  by  an  expression  con- 
taining as  a  factor  the  quantity  -,  „  which 

vanishes  as  the  point  z  passes  through 
h  or  z4. 

Suppose  that  the  orifice  under  con- 
sideration is  simply  an  opening  in  a  plane 
wall;  we  may  assume  the  wall  as  hori- 
zontal and  the  axis  of  x  lying  in  the  plane 
that  of  y  perpendicular  to  the  wall.  Our  £ 
region  will  evidently  be  formed  by  a  cres- 
cent, a  complete  semi-circle  for  which 
p= 1  corresponding  to  the  free  boundaries 
of  the  fluid,  and  an  infinite  line  corre- 
sponding to  the  fixed  wall ;  the  angle  of  the 

7t 

crescent  being  =— .     The  points  £3  and 

8>i  are  of  course  the  vertices  of  the  cres- 
cent and  correspond  as  before  to  the 
points  zz  and  s4  which  are  at  the  inter- 
section of  the  free  and  fixed  boundaries. 
The  point  <?2  lies  midway  between  8,s  and 
<24  on  the  semi-circle  of  the  crescent ;  and 
£x  lies  at  infinity  on  the  line  £0£2  pro- 
duced. For  the  w  region  we  have  the 
same  values  of  U  given  before  and  for 
the  corresponding  values  of  Y  assume 

V=o,  and  V=zr. 

In  the  preceding  chapter  we  saw  that 
we  could  express  one  of  the  quantities 

&&■  (ST* 

as  a  function  of  the  other  and  constants 
by  eliminating  w  from  the  equations 

7t 


w-C2      \z—cj 


the  result  of  the  elimination  is 


n 


*         N 


(C-C/)        (Z-C\  a 

(0,4-0/)      U-V 


0.+0, 


C-C„'      lz-c\- 
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and  we  also  find 
n 


.7t2 


(- -)a  =l—r  (cosA  —  isinA) 

Now  in   this   case   write   £  =  z'   then 

0'=-^;  and   from  the  last   equation  by 

writing  z=io  gives  for  the  second  mem- 
ber lw  since  A=o  and  b=7t  the  breadth 
of  the  stream.  The  above  equation  now 
becomes  simply,  since  c,/==l  and  c/=  —  1 


6W—  C 


where  the  three  constants  K,  G,  C,  have 
to  be  determined  according  to  the  given 
conditions  of  the  problem.  The  radius 
vector  p  is =oo  for  the  infinite  values  of 
U;  further,  the  line  p1?  i.e.,  from  £0  to  £1? 
is  drawn  in  the  negative  direction  of  the 

axis  of  t/,  and  consequently  3-=—     and 

sin3-=  —1,  cos3-=a  We  therefore  have 
for  TJ=  — go 

§1==— zoo 

and  for  U=  +  <x> ,  p=l  and 

S,=-i 

We  are  at  hberty,  however,  to  assume 
another  condition  which  we  will  by  the 
equations 

<2=1  for  w=0 

these  give  us  readily  K=—  1,  C=l, 
C'  =  — 1,  and  our  equation  becomes 

/£-l\2__  l-£w 

Clearing  of  fractions 

(«-l)tfl+«»)-(S+l)«Cl--«,')=0 

divide  through  by  2ew 

(,_irqi)_(,+i)^£!i±)=0 

that  is 


Z*-22e-w  +  l=o 


which  gives 

Z=€~w  +  VV2"— 1 

The  negative  sign  cannot  be  used 
before  this  radical,  because  we  must 
have  £=x  for  U  that  is  w=oo.  Now 
for  the  determination  of  z  we  have  the 
integral 

z=fZdw=  f(e-w  +  VT12^  —  l)dw 


If  we  choose  the  lowest  limit  as  io  =  oo , 
then  the  point  2=0  evidently  corre- 
sponds to  £=1,  and  thus  the  point  z4. 
To  integrate  this  write 


then 


VV2"*—  \  —  cp 


and  our  integral  becomes 

this  is  easily  found  to  become 
2=1  —  £-™:  +  A/£"2l<'— 1  +  tan-1  Ve^^l 

Now  suppose  V=o,  0<U<  —  00  the 
sign  of  inequahty  referring  to  absolute 
magnitude,  then  as  there  is  no  imaginary 
part 

x= 1  -  *ru-  VV2U-1  +  tan-ivV2U-l 

2/=0 

the  circular  function  being,  since  the 
radical  is  positive,  an  arc  in  the  first 
quadrant.  This  simply  represents  the 
negative  axis  of  x  which  is  a  fixed 
boundary,  is  in  fact  a  portion  of  the  wall 
through  which  the  fluid  flows. 
For  U=  —  ooV=0, 

z=l-2*-u+5 
A 

y=o 
and  for  U=— go  and  V  between  0  and  n 

n 


a;=l-2i-ucosV+o 
A 

y=       2i-usinV 


from  these 


H^l)\ 


+  2/3=4f 


-2U 


the  equation  of  a  circle  whose  center  is 

y=.o  x=l  +  ~,  and  whose  radius  is  2f"u. 

The  velocity  through  the  center  of  this 

circle  is  -=  --^ — -rj,   as   is   seen   from   the 
8,     2fu 

value  given  for  £,  making  therein  w—TJ. 

For  U=  — x,  V=7r 

JC  =  l  +  2£-U-f 

Z 

For  U  between— go  and  0,  and  Y=7t 


x 


1  +  £-u+  a/«-2U  _l  +  Tr-tan-1  VV2u  -1 
fy=0. 
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This  is   the  portion   of   the   axis   of  x 

between  x=2-\-n  and  a?=  + x.     It  is 

easily  seen  that  the  point  x=2  +  7t,  y=o 

is  the  point  z%. 

If  Y=7t  and  V>o,  we  find  without 

difficulty  since 

,1      1  +  cp 
tan-1 i  cp = z  -log^- 
^        21 


0> 


CC  =  l  +  f-U  +  7T 


2/= a/1  -  £~u  — log 


1         l  +  A/l-f2-U 


or  for  the  projection  of  the  new  3,  region 
7t       7t  ")  2 


4 


<?«-£« 


71 


«\ 


za-z? 


K 


This  line  is  one  of  the  free  limits  of  the 
stream.     For  V=?r  and  U=  +  x 

x-=l  +  7t 

y=l-log2-U 

Now  if  V  lies  between  n  and  o 

a?=l  +  V 
2/=l-log2-U 

These  give  a  line  parallel  to  a;  of  the 
length  n  and  for  which  y=x  .  The  fluid 
flows  through  this  line  in  the  direction 
of  the  negative  axis  of  y  with  a  velocity 
=1.  "We  get  the  same  forjns  of  equations 
V=oandU>o  as  in  the  case  of  V=?r 
and  U>o. 

Assume  now  that  the  region  of  £  is 
limited  by  an  arc  of  radius  =1  and  of 
length  =a.  The  remaining  boundaries 
being  right  lines  through  the  points  £0£8 
and  <20<24,  and  an  infinitely  great  circle. 
Then  by  what  we  have  seen  in  a  similar 
case  in  the  preceding  chapter  if  we  have 
a  <p  region  formed  of  a  semi-circle  of  ra- 
dius =1,  and  the  lines  drawn  from  its 
center  to  its  extremities  produced  to  in- 
finity, and  an  infinitely  great  circle,  we 
can  project  our  2,  region  upon  this  <p  re- 
gion by  the  relation 

n 

4>=ia 
We  have  obviously 

7t 
71 

and  for  the  projection  of  this  </>  region 


The  same  remarks  that  we  have  pre- 
viously made  concerning  the  relation  of 
the  quantities  p,  3,,  z  will  also  apply 
here.  The  fixed  walls  will  be  inclined  to 
each  other  and  parallel  as  before  to  p3 
and  p4.  Suppose  that  a=27t,  S'0=3'4=^, 
8,^=.  —  i  and  that  for  w=o,  S,=zi  and  z—o. 
The  z  region  will  then  be  of  the  form 
shown  in  the  figure 


upon  the  w  region, 


K 


C 


Our  ^equation  now  assumes  the  form 
ew—  C 


2       2 

i         f 


K. 


ew-C 


<?»— C 


rThe  quantity  C  in  passing  from  C3  to 
£4,  which  are  equal,  must  vary_  continu- 
ously, and  it  is  easy  to  see  that  a/  C8=  -  V  C4. 
We  have  also  the  conditions 

for   U=  — x,  C=x 
V=+x    C=— * 

This  last  determines  the  values  of  the 
constants  K,  C,  C,  and  the  equation  gives 

a/C  —  a/A2    1  — ^ 


/a/C-VA2_1' 


Vc  +  aAT/      1  +  *™ 

The  quadratic  for  £  is  easily  found  to  be 

?-2$i{2er*»  -l)-l  =  o 

From  this 

5=^(2£-2U  -  H-2f-2wViI^rrl) 
We  get  again  by  simple  integration 

z=  -  i(e-2w  +w  -l  +  e-w 
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V*r2w  - 1  -  log(e-a;+  a/V2'"  - 1) 

If  \=o  and  U  between  o  and  -  oo  we 
have  since  there  is  no  real  part 

a*  —  o 

Ve-*v  -  1  -  log(£-u  +  a/£"2U  -  1) 

The  equation  of  the  negative  axis  of  y. 
For  TJ  a  constant  infinite  and  negative 
value  and  V  lying  between  o  and  n, 

a=_2e-2Usin  2V  +  2V 
y=-2f-2Ucos2V-2U  +  f  +  log2. 
For  V=7T  and  U  negative 

2/=-(£-2U-f-U-l  +  f-U 

Vf-2U  - 1  - log(£-u  +  \/i^U-l) 

the  same  form  of  equation  as  we  obtained 
above  when  V  was  —o  these  are  the  two 
fixed  walls  of  the  fluid,  and  are  at  a  dis- 
tance apart  —^n.  The  breadth  of  the 
stream  after  it  becomes  parallel  to  these 
walls  is  =  n. 

Suppose  now  that  we  have  a  w  region 
which  is  limited  by  the  lines 

V=  -  -,  U=  -  oo 

z 

V=---,U=+oo 

z 

and  another  line  between  these  for  which 

V=o  and  U>o 

neglecting  this  latter  limit  for  a  moment, 
and  we  have  that  a  strip  of  this  form  will 
be  projected  on  the  plane  of  ip  in  a  circle 
by  the  equation 

~l-tP 

and  giving  the  relations  here 

for  TJ=  -  go  ,  ip=  - 1 

TJ=  +  x,  ip—  +  l 

tp  =  i 


.71 

z 


The  radius  of  the  circle =1,  its  center 
is  at  ip=o,  and  so  corresponds  to  10=0. 
Now  from  these  conditions  we  see  that 
for  V=0  and  U>o,  ip  will  be  real  and 
<1.  The  line  then  Y=o,  U>o  corre- 
sponds to  the  radius  from  if:  =  o  to  tp  =  l. 
The  w  region  will  then  be  projected 
upon   the  ip  plane   in  a  region   that  is 


limited  by  this  circle,  and  both  sides  of 
the  radius  for  ip  =  o  to  ?/:  =  l.  We  can 
again  project  this  on  a  ipf  plane  in  a 
semicircle  or  radius  =1  by  the  relation 

and  also  upon  a  crescent  whose  angle  is 

=  — ,  at  the  vertices  of  which  is  ip  =  ±1. 

So  then  finally  our  to  region  is  projected 
upon  this  crescent  by  means  of  the  rela- 
tion 

6       ~l-iP" 

As  the  limits  of  the  B,  region  assume  a 
semicircle  of  radius  1  and  an  infinitely 
great  circle  cutting  it  at  right  angles. 
We  are  at  liberty  now  to  take  three 
points  £1?  £9,  £a,  so  that 

for  U=  -  00  <?=<?!, 
V<o;U=+oo  ^=<?2, 
V>o,U=+oo  Z=Zj 

we  can  now  determine  the  z  region. 

First  a  stream  appears  flowing  from 
infinity  of  a  breadth =7r,  and  parallel  to 
the  radius  vector  p.  This  flows  to  infin- 
ity in  two  streams  parallel  respectively  to 

7t 

p2  and  p3,  and  of  width  each=—  .      This 

is  evidently  the  case  of  a  stream  meeting 
an  obstacle  and  flowing  around  it;  in 
this  case  the  obstacle  is  a  plane  wall. 
The  outer  limits  of  the  stream  are  lines 
whose  tangents  are  at  every  point  par- 
allel to  the  radii  vectores  drawn  from 
g=o  to  every  point  of  3^,,  and  <?^4. 
The  inner  boundaries  are  not  wholly 
free,  but  are  partially  free  and  partially 
fixed,  the  fixed  part  being  the  wall  on 
which  the  stream  impinges.  The  ends 
of  this  plane  wall  correspond  to  the 
vertices  of  the  2,  crescent.  There  is  a 
certain  point  on  this  surface  for  which 
corresponds  to  w=o,  and  consequently 
when  the  velocity =0  and  here  a  stream 
line  splits,  one  part  going  to  the  right 
the  other  to  the  left. 

Let  now  the  region  of  10,  being  the 
infinite  planes  lying  on  both  sides  of  the 
line,  for  which 

U>o  and  Y=o 
we  have 

for  U=c©  ,     5=  -* 

w=l,      Z=±l 
From  the  conditions  for  the  w  region  we 
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see  that  the  point  tv=l  will  occur  twice, 
and  consequently  two  different  points  will 
correspond  in  the  8,  region.  The  w 
plane  can  be  projected  upon  the  <p  plane 
by  the  relation 

and  then 

for  w=oo      ^=00 

This  <p  region  is  a  circle  of  infinite  radius 
the  8,  crescent  can  be  projected  upon  it 

by 

(i-$y_i-<p 

(i+$y-i+<p 

and  so  that  for 

£=  -  i        <p=ao 

Z=+l     tp=+l 

Therefore  for  the  relation  between  2,  and 
w  we  have 

/l-q    i-V5 

which  gives  for  £  the  quadratic 


£2-  — =C  +  l=o 


or 


■■~k-ST- 


1 

as  C=  — *  for  w=oo  the  second  radical 
must  have  the  negative  sign.  Assume 
that  z  and  w  vanish  together,  and  we  have 
from  the  integral 

the  value  of  z,  viz: 

/-         ]T~~ 

z=2Vw  +  w   /  -  -1  +  sm-1^/™ 

^  :j 

The  integration  h  easily   effected  by 
taking 

Vw  r 

for  the  variable.  Here  sin-1  Vw=o  for 
w=o.  The  fixed  wall  on  which  the  stream 
impinges  has  as  we  saw  V=o,  so  for  it 

\fw  is  real  and  lies  between  -  1  and  + 1« 
We  must  have  for  this  wall,  since  there 
is  no  imaginary,  y=o,  and  also  x  lying 
between 


The  breadth  of  the  wall  is  then  4  +  7t. 

A  much  more  complete  investigation 
of  this  problem  of  the  flow  of  fluids 
through  orifices,  may  be  expected  in  a 
future'  chapter.  The  method  of  conju- 
gate functions  which  has  been  here 
employed,  and  which  has  been  taken 
largely  from  Kirchhoffs  "  Vorlesungen 
ilber  Math.  Phy."  is  beautiful,  and  from 
a  purely  theoretical  point  of  view,  very 
valuable;  but  in  the  study  of  particular 
cases  of  fluid  motion,  it  is  necessary  to 
take  into  account  the  form  and  position 
of  the  orifice,  and  then  to  determine  the 
form  of  the  stream,  amount  of  contrac- 
tion, and  the  motions  of  the  fluid  parti- 
ticles  among  themselves.  Furthermore, 
it  would  be  a  very  difficult  process  to 
assign  a  priori  the  forms  of  the  C  and  w 
regions  so  as  to  determine  the  nature  of 
the  motion  in  and  the  form  of  the  z  region. 

Concerning  the  pressure  p,  we  have 
our  equation  for  determining  p  in  the 
form  now 

this  cp  of   course  corresponding  to  the 
quantity  that  we  have  designated  by  U. 

The  velocity  being  equal  to  -,,  this  equa- 

P 
tian  is  simply 

For  the"  fluid  in  a  state  of  rest  the 
pressure  is  of  course  constant,  say  =  tt; 
in  this  case  we  have  also  p=l,  and  the 
equation  becomes 


7t=G-i 


7t  +  ± 


givmg 

and  thus  finally  for  p 

The  pressure  on  an  element  ds  of  a 
fixed  wall  that  is  in  contact  on  one  side 
with  the  fluid  at  rest,  and  on  the  other 
with  the  moving  fluid  is 


(p -  7t)ds=^\l — Ads. 


9 

Now  we  have  for  ds  the  value  pdTJ,  and 
since  at  this  wall  Y=o,  dTJ—dio  and 
ds=pdw.  The  pressure  then  on  the 
element  ds  is 
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=*(<■-„) 


die 


For  a  plane  wall  parallel  to  x  £  is  real 

and  p=±$ 

the  upper  or  lower  sign  according  as  £  is 
positive  or  negative,  since  p  is  positive. 
Then  for  the  total  pressure  on  this  wall 
we  have 


/±i  (*-!)<*«, 


as  nowhere  on  the  wall  is  the  resultant 
pressure  <o,  we  must  choose  the  upper 
or  lower  sign,  so  that  the  quantity  under 
the  integral  sign  shall  be  positive.  If 
our  wall  be  as  in  the  last  problem  dis- 
cussed, we  will  have  from  the  equation 


Vio  to 


Now  \/w  increases  from-1  to  +1 
integrating  then  and  we  have  the  press- 
ure in  this  case  —  n.     If  instead  of  w  we 


write  —  when  n  is  a  positive  constant, 
n 

the  equations  which  represented  any- 
particular  fluid  motion  will  now  repre- 
sent one  in  which  the  stream  lines  are 
the  same  as  before,  but  the  velocity  is 
now  throughout  proportional  to  n,  and 
the  pressure  upon  any  wall  proportional 

z 
to  n'.    If  both  z  and  to  be  replaced  by  ~ 


10 


Til' 


and  -  ,  the  stream  lines  and  velocities  will 
m 

both  be  as  before,  and  the  pressure  propor- 
tional to  m ;  the  linear  dimensions  of  the 
stream  lines  are  also  proportional  to  to. 
If  now  we  again  call  the  density  of  the 
fluid  p,  the  pressure  upon  any  wall  will 
be  proportional  to  p.  If  we  call  I  the 
length  of  the  wall  that  was  met  by  the 
stream  of  infinite  breadth,  flowing  in  the 
negative  direction  of  y,  and  v  the  velocity 
of  the  fluid,  the  pressure  upon  this  wall 
will  be 

a      I* 

7      4  +  zr 

npv2  being  the  pressure  upon  unit  of 
length,  which  unit  is=4-j-7T. 
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A  KINEMATIC  DISCUSSION  OP  THE  DIFFERENT  FOEMS  OF  ARTICULATED 
LINKS  WITH  ESPECIAL  REFERENCE  TO  PEAUCELLIER'S  CELL. 

By  J.  D.  C.  DE  ROOS. 
Translatedjfrom  "Revue  Universelle  des  Mines"  for  Van  Nostrand's  Magazine. 

IV. 


The  other  movements  of  the  system 
(Figs.  24  and  25)  are  all  circular  with 
the  exception  of  that  of  the  point  D 
relative  to  CB'  or  C  B'  which  we  will  not 
discuss  here. 

In  the  arrangement  of  linkages,  which 
we  will  proceed  to  describe,  and  which 
may  be  termed  conicographs,  the  origin 
is  at  the  same  time  at  the  fixed  point  and 
at  the  focus  or  summit  of  the  curve. 

For  the  ellipse  and  hyperbola  the  fixed 
point  may  be  placed  at  the  center  arid 
the  construction  becomes  more  elegant. 

"We  will  couple  for  this  purpose  two  of 
the  transformed  Peaucellier  Cells  (ele- 
ments varies)  OCLANC  and  BPNAL'P' 
as  is  shown  in  Fig.  36. 


The  sides  of  the  lozenges  of  the  two 
elements  are  equal,  and  since  the  links 
AX;  and  AL'  are  constantly  in  prolonga 
tion,  each  of  the  other,  they  can  be  re- 
placed by  the  single  bar  LL',  which  will 
render  AN  superfluous. 

This  combination  of  eight  links  enjoys 
the  property,  that  the  sum  of  the  squares 
of  OA  and  AB  is  constant. 

Calling  the  connectors  OC  and  PB  re- 
spectively m  and  m,  we  have  by  virtue 
of  equation  (2) ; 

OA2-APa=m2-7i2 


and 


AB9-AC"=w'"-ti' 


or  adding  the  two  equations  ; 
DA2  +  AB2  =  m2  +  m,a-2na  +  AP2  +  AC/ 
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Fig.  33. 


but  since  AB  is  always  perpendicular  to 
OA,  we  have; 

AP2+AC'8=rc2, 

and  consequently; 

OA8  +  AB2=m8  +  m'a-rc2. 

Now,  taking  A  as  the  fixed  point,  as  in- 
dicated in  Fig.  37,  and  making  O  move 
in  a  circle  which  passes  through  A,  the 
radius  of  which  is  AD=r,  then  the  point 
B  describes  a  curve  B'BR,  which  bears 
the  name  of  lem7iiscatoid,  and  observing 
that; 

AB2=m2  +  m'2-rc2-OA2 

and    OA=:2r  cos  <p, 

it  is  clear  that  the  equation  of  the  curve 
is 

AB8 =m2  +  m2  —  n*— 4r2cos2^?, 


or  by  substitution  for  m2-f-m'2— n2  of  tne 
value  of  AB  when  <p=0 

AB2=  (AB/2-4r8)  -4r2cosV 
while  the   substitution  of  the  value  of 
AB  for  (p=90°  gives, 

AB2=AR2-4rcosV 
When   AR2=2r8   the   lemniscatoid    is 
transformed  into  the  lemniscate  of  Ber- 
noulli, and  the  equation  becomes: 

AB8  =  -  2r8  +  4r8cos8  (90  -  <p) 

=  2r2cos(180-2<p) 

and  for  AR=2r  the  curve  becomes  two 
tangent  circles  whose  equation  is 

AB=2rsin<£>. 

Seeking  the  inverse  value  of  the  radius 
vector  AB  of  the  lemniscatoid,  we  shall 
have  for  the  case  of  a  real  value  of  AB : 
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AE=£  = 


AB'.AE' 


AB~  -f-A/OB,2-4r2-4r2cos>] 
or  in  taking 


AE'=aand  AB,3= 


4ra62 


aa-6a 


AE: 


+ 


/{J- w cos>} 


2a=2AE'  and  25= 


consequently  the  curve  EE'  described  by 
the  point  E  is  an  ellipse  whose  axes  are : 


2AE'.  AB' 

A/4ra  +  AB'a 


On  the  other  hand,  if  AB'  is  imaginary, 
we  have,  Fig.  38 : 


AE= 


Ca 


AR.  AE 


AB      +v/[ARa-4r3cos39J 


or  making 


AE'=a  and  AR= 


4ra&' 

tf  +  V 
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Fig.  37 
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Fig.  39 


AE  = 


-f 


Al 


a*  +  b*      2 
a?b  ^ 


and  consequently  the  curve  EE'  de- 
scribed by  the  point  E  is  a  hyperbola 
whose  axes  are: 


2a=2AE'  and  26: 


2AE'.  AB 

V4r2-AE2 


This  tracing  of  the  ellipse  and  hyper- 
bola is  due  to  Sylvester,  and  is  especially 
remarkable  for  the  simplicity  of  the 
transformation  of  cos  cp  to  sin  cp. 

To  appreciate  this,  it  is  necessary  to 
recall  the  fact  that  it  required  in  the  case 
of  Fig.  23,  a  combination  of  five  ele- 
ments, or  thirty  links,  in  order  to  pass 
from  cos  cp  to  sin  cp,  and  the  same  com- 
bination was  required  to  change 


p'2 

OA  to  AK^^-y'tP-OA2 

while  the  same  operation,  that  is  to  say, 
the  change  (Fig.  36)  from 

OA  to  AB=a/C',3-OA2 

is  here  effected  by  a  single  element  of 
eight  bars. 

In  the  first  case,  AK  falls  in  the  direc- 
tion of  OA,  while  in  the  second  AB  is 
perpendicular  to  OA. 

But  this  system  of  eight  links  of  Syl- 
vester can  be  still  further  simplified,  for 
the  transformed  cell  of  Peaucellier,  con- 
taining only  six  bars,  suffices  to  trace  the 
conic  sections  around  their  center. 

Uniting  for  this  purpose,  as  shown  in 
Fig.  39  and  40,  the  element  vari'e  CC 
to  the  ordinary   element   GO',   and  de- 


LINKA(1>. 


4:5:) 


' 


scribing  from  O  a  circumference  which 
passes  through  the  fixed  point  A.  and  of 
which  the  radius  AD  =  OD  =  >\  we  shall 

have  in  this  case,  by  virtue  of  eq.  2, 

AB2=C2  +  OA2 

or  supposing  that  B  and  O  come  to  B 
and    O'  when   OD   takes   the   direction 

AD. 

AB'2=C2  +  OAa, 

and  further, 

0'A=2r  and  OA=2>\cosO'AO  =  2>«cos<p 

then       ABa=AB'2  -4r  +  4r2cos> 

or  replacing  cp  by  its  complement  cp' 

ABa=AB'2- 4r2cos>'. 

Consequently  taking  AB',  Figs.  39  and 
40.  equal  to  AR  of  Figs.  37  and  38,  the 
curve  described  by  the  point  B  will  be 
the  same  lemniscatoid  in  both  cases. 

The  inverse  value  of  AB  is 

1 


2ci= 


2AB.AE' 


a/AB/9-4/-j 


and  26=2AE', 

and  for  AB<2r  an  hyperbola  (Fig.  40) 

having  for  axes 

2*a=2AE' 


and 


2b= 


2AE/.AB' 

V4r2-AB'a 


AE= 


±V 


'AB"-4r 


4r 


-,+ 


-,  cos  cp 


AE'2.AB'J^AE'2-AB 

and  gives  consequently  a  conic  section 
and  for  AB'>2r  an  ellipse  (Fig.  39) 
whose  axes  are 


This  conicograph,  the  fourth  which  we 
have  made  known,  improves  not  only  in 
simplicity  upon  the  third,  but  possesses 
the  further  advantage  of  describing  with 
great  facility  the  more  flattened  portion 
of  the  ellipse. 

A-  conicograph  more  simple  still  is 
based  upon  the  property  that  the  curve 
described  by  e,  Fig.  26,  under  determin- 
nate  conditions  is  an  inverse  conic. 

This  curve  is  described  by  means  of 
three  links,  by  coupling  the  point  B'  to 
the  center  O'  of  the  circular  motion;  but, 
as  the  deduction  of  the  general  formula 
requires  very  complex  calculations,  and 
as  we  have  restricted  this  note  mostly 
to  the  systems  of  six  links,  we  will  omit 
I  further  reference  to  it. 
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Meanwhile  we  will  present  the  calcula- 
tion for  the  more  important  case  in  which 
00=00',  CB'-B'O'  and  the  point  E  is 
found  on  CB\ 

Drawing  in  Fig.  41,  where  B'  has  been 
replaced  by  B,  the  right  line  EN  parallel 
to  00,  EO"  parallel  to  the  diagonal  OB, 
and  from  the  point  O"  the  intersection 
of  EO"  and  00'  a  right  line  0"M  par- 
allel to  O'B ;  it  is  evident  that  the  triangle 
is  equal  and  similar  to  the  triangle 
MOO",  and  consequently, 

NE=00". 

And  since,  furthermore, 

NE  :  OC;  |BE  :  BC  and  OC,  BE  and  BC, 

which  we  will  designate  respectively  by 
p,  w  and  q  are  of  invariable  length,  it  is 
necessary  that 

00"=NE=^. 

q 

The  length  00"  is  therefore  equally 
invariable,  and  we  may  choose  O"  as  the 
origin  of  a  system  of  polar  co-ordinates. 

Taking  0"E=2;  angle  CBO  =  OBO' 
=/?;  angle  COB  =  BOO'=EO"0  =  <p; 
angle  XCY=2cp,  and  XCZ=/3-cp,  and 
since 

VE=BU  +  WB 

z  sin  cp = q  sin  (/?  +  q>)  4-  w  sin(/?  —  cp) 

=  q  sin/?  cos  <p 
+  q  sin  ^?  cos/?  +  w  smficoscp— w  sin  cpcos/3 


=  (q-{-w)sm/3coscp  +  (q—w)sin  cpcos/3. 

Furthermore    we    have  in   the    same 
figure 

p.sm<p=:q  sin/3 


or 


sin/3  =  -  sin  cp,  and 
q 


cos/J=±y  1=^1 


sin  cp 


so  that  the  value  of  z  becomes  after  sub- 
stitution of  sin/?  and  cos/3; 

p 

z=  —  (q  +  w)coscp±: 


I  p 

^{$-™Y-->  {q-wf  sin"  cp 

an  equation  of  which  both  signs  may  be 
satisfied. 

The  curve  ET(Fig.  41)  which  this  fig- 
ure represents,  can  be  obtained  by  a 
point  on  a  curve,  which  rolls  upon 
another  curve,  in  the  same  manner  as  a 
point  in  a  circumference  which  rolls  on  a 
line  generates  the  cycloid. 

M.  Mannheim  has  made  a  study  of 
these  curves  to  which  Reuleaux  has 
given  the  general  names  of  polar  curves 
(courbes  ou  lignes  polaire)  (polbahnen). 

He  has  found  that  the  displacement  of 
CB  relative  to  00",  and  consequently 
the  curve  described  by  E  is  produced  by 
an  oval  of  Descartes  rolling  upon  an 
oval  of  Descartes. 

x 


i—y 


~jfi-/f 


M 
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REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  of  Civil  Hncim.i.us. — 
The  Hoard  of  Direction  submit  the  fol- 
lowing list  of  topics,  on  which  original  papers, 
illustrating  the  experience  of  the  writers,  are 
requested: 

1.  Topographical  Surveys,  and  the  laying 
out  of  Towns  and  the  most  economical  divisions 
of  property. 

2.  Instruments  and  methods  of  exact  meas- 
urement for  land  surveys. 

3.  Trigonometrical  and  Astronomical  sur- 
veys. 

4.  Systems  of  roadmaking  and  maintenance 
suitable  for  (a)  Large  towns  and  heavy  traffic; 
(b)  Suburban  districts;  (c)  Rural  districts. 

5.  The  sustaining  power  of  different  kinds  of 
soils  and  the  conditions  which  produce  failure 
of  foundations  by  settlement. 

6.  The  weight  which  can  be  supported  by 
different  classes  of  masonry. 

7.  The  preservation  of  masonry  structures. 

8.  The  manufacture  of  cements  and  methods 
of  testing  their  strength. 

9.  The  proportions  of  cement  and  inert  ma- 
terials in  mortars. 

10.  The  preservation  of  timber  used  in  con- 
struction. 

11.  The  strength,  durability  and  characteris- 
tics of  various  timbers. 

12.  The  manufacture  of  iron  and  steel  in 
America.  Combinations  of  materials,  methods 
employed  and  plant  used. 

13.  The  properties  and  laws  of  cast  iron, 
wrought  iron,  steel  and  other  metals  used  in 
construction. 

14.  The  effect  of  constant  or  long  continued 
vibration  on  metals  used  in  construction. 

15.  The  design,  generally,  of  iron  bridges  of 
large  span. 

16.  The  construction  and  operation  of  draw- 
bridges of  large  span. 

17.  Testing  machines  and  experiments  on  the 
strength  of  materials  and  structures. 

18.  Appliances  and  methods  of  rock  boring 
and  blasting. 

19.  Sub-aqueous  tunnels.  Their  design  and 
construction. 

20  The  flow  of  water  in  channels  of  various 
kinds,  and  the  modes  of  determining  the  dis- 
charge by  experiment.  Also  the  discharge 
over  weirs  and  through  orifices. 

21.  The  loss  of  water  in  flowing  in  open 
channels. 

22.  The  relations  of  rainfall,  character  of  soil, 
and  flow  of  streams;  effect  of  wooded  and  of 
cleared  and  cultivated  land  on  the  flow  of 
streams. 

23.  The  sources  and  systems  of  water  supply 
for  towns,  including  storage  of  surface  water, 
open  wells,  tube  wells,  gathering  galleries,  and 
ground  water  obtained  from  different  geologi- 
cal strata. 

24.  Systems  of  water  supply  suitable  for 
small  communities,  whether  separately  or  co- 
operatively. 

25.  The  detection  and  prevention  of  waste  of 
water  in  towns. 

26.  The  design,   construction,  and    cost  of 


operation  of  pumping  engines,  and    mode  of 
computing  duty. 

"J?.  The  history  of  the  manufacture  Of  east 
iron  water  pipes  in  America. 

88.  The  Strength  and  dimensions  of  cast  iron 
pipe  and  of  wrought  iron  pipe  for  water  supply. 
Forms  of  joints  for  water  pipe. 

29.  Durability  and  cost  of  water  pipe  of  cast 
iron,  wrought  iron  and  cement,  wood,  and 
other  materials. 

30.  The  design  and  construction  of  earth  em- 
bankments and  masonry  dams  for  reservoirs. 

31.  The  constructions,  dimensions,  and  op- 
eration of  navigable  canals. 

32.  Methods  of  overcoming  differences  of 
level  in  canals. 

33 .  The  improvement  and  training  of  rivers. 

34.  The  construction  of  harbors  of  refuge. .  ( 

35.  The  construction  of  wharves,  piers  and 
docks. 

36.  The  construction  of  fire-proof  buildings. 

37.  The  warming  and  ventilation  of  build- 
ings. 

38.  House  drainage. 

39.  The  sewerage  of  towns  and  the  disposal 
of  sewage. 

40.  The  form,  material  and  dimensions  of 
sewers. 

41.  The  economical  location  of  railroad  lines. 

42.  The  construction  and  maintenance  of  the 
permanent  way  on  railroads. 

43.  The  form,  manufacture  and  life  of  rails. 

44.  The  form  and  material  of  railway  wheels. 

45.  The  heating  and  lighting  of  railroad  cars. 

46.  The  prevention  of  accidents  at  railroad 
crossings  and  intersections. 

47.  Rapid  transit  in  large  cities. 

48.  The  prevention  of  noise  from  heavy  rail- 
road trains  moving  at  high  speed. 

49  Safe  substitutes  for  animal  power  on  sur- 
face railways. 

50.  The  relative  economy  of  the  several  kinds 
of  fuel  used  in  locomotive  engines. 

51.  The  operation  of  freight  and  passenger 
traffic  on  railroads,  and  the  conditions  of  econ- 
omy in  the  same. 

52.  The  arrangement  of  terminal  stations  on 
trunk  lines  of  railroads. 

53.  The  manufacture,  distribution,  measure- 
ment and  use  of  illuminating  gas. 

54.  Electricity  as  applied  to  lighting  and  to 
motive  power. 

55.  The  modern  construction  of  water  wheels 
and  engines. 

56.  The  engineering  questions  involved  in  the 
location  and  management  of  large  Industrial 
Exhibitions. 

57.  Manufacture,  strength  and  durability  of 
earthenware  pipe. 

58.  The  relations  of  Engineers  to  Employers 
and  to  contractors. 

59.  The  Status  and  Compensation  of  Experts. 

60.  Engineering  and  Mechanical  Law. 


IRON  AND  STEEL  NOTES- 

The  Growth  of  the  Northern  Steel 
Trade. — Although  the  great  declension 
in  the  iron  manufacturing  trade  of  the  north  is 
now  well  known,  it  is  far  from  so  fully  known 
that  there  is  to  some  extent  a  substitutional 
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growth  of  the  steel  manufacture.  Three  or  four 
years  ago  the  steel  trade  was  confined  to  the 
Newburn  Works  on  the  Tyne,  and  the  small 
works  at  Tudhoe,  and  to  the  still  smaller  places 
at  Guisbrough — the  first  and  last  using  the  old 
processes,  the  second  that  of  Bessemer,  but  on 
a  small  scale,  the  capacity  of  the  two  converters 
being  2  tons  10  cwt.  each.  Since  that  time  the 
large  works  at  Eston  have  been  constructed,  the 
Siemens  process  has  been  introduced  at  New- 
burn,  and  at  Darlington,  Middlesbrough,  and 
Geisbrough  there  are  now  in  progress  exten- 
sions of  the  Bessemer  system,  whilst  a  Siemens 
plant  is  nearly  ready  for  use  at  Middlesbrough. 
Whereas,  at  the  earlier  date  mentioned,  the 
productive  capacity  of  the  Bessemer  plant  in 
the  north  was  that  of  converters  of  a  total  ca- 
pacity of  5  tons,  there  are  now  at  Eston  and 
Tudhoe  converters  the  aggregate  capacity  of 
which  is  37  tons,  and  to  this  the  additions  al- 
ready indicated  must  shortly  be  made.  By 
these  additions,  accomplished  and  in  progress, 
the  production  of  steel  in  the  North  of  England 
will  be  raised  from  a  few  thousand  tons  yearly 
to  about  a  quarter  of  a  million — the  Eston 
Works  alone  having  a  capacity  of  production 
of  at  least  one  hundred  thousand  tons  yearly. 
With  abundant  supplies  of  ore  now  proved 
available  for  use  in  the  steel  manufacture,  with 
admirable  smelting  plant,  and  with  full  fuel 
supplies,  and  excellent  facilities  of  transport  of 
both  materials  and  finished  product,  there  is  a 
probability  of  even  further  extensions  of  the 
steel  trade  in  the  North  of  England  at  the  ex- 
pense of  the  iron  manufacture.  There  is  now  a 
certainty  of  a  larger  use  of  steel  in  the  local 
shipyards,  and  with  that  there  will  of  necessity 
arise  a  development  of  the  steel  angle  and  plate 
manufacture,  which  has  hitherto  been  very 
slightly  provided  for  in  the  extension  and  con- 
struction of  steel  works  in  the  north. 


RAILWAY  NOTES. 

Fast  Trains  on  English  Railroads. — A  re- 
cent number  of  the  London  Railway 
News  has  the  following : 

Among  other  improvements  which  have  been 
effected  by  the  prudent  application  of  capital 
to  duplicating  lines,  putting  in  new  sidings  for 
marshaling  traffic,  is  the  greater  speed  of  the 
trains  generally,  and  corresponding  saving  in 
fuel,  wages,  etc.  The  subject  has  been  duly 
noticed  at  the  half-yearly  meetings.  On  the 
other  hand,  however,  there  is  a  seeming  dispo- 
sition to  drive  competitors  out  of  the  field  by 
means  of  quickest  time,  and  this  has  led  to  in- 
stances of  rapid  traveling  which  may  operate 
in  a  contrary  direction  in  the  matter  of  working 
cost.  Particulars  as  to  the  speed  now  made 
upon  the  principal  lines  will,  perhaps,  be  of 
some  interest. 

The  Great  Eastern  chairman  pointed  out  to 
the  proprietors  at  the  last  half-yearly  meeting 
that,  by  the  duplication  and  remodeling  of  their 
lines,  they  were  now  able  to  run  trains  from 
Norwich  to  London  in  3  hours,  as  compared 
with  about  4%  hours.  The  saving  of  time  and 
working  expense  in  this  case  is  very  considera- 
ble.   The  continental  express  is  now  run  from 


London  to  Harwich  at  the  rate  of  38%  miles  an 
hour.  They  run  at  much  higher  speed,  how- 
ever, on  some  sections  of  the  line.  Between 
London  and  Chelmsford  a  speed  of  42  miles  is 
attained,  while  between  Bishop's  Stortford  and 
Cambridge,  and  between  London  and  Colches- 
ter, they  make  as  much  as  44  miles  an  hour, 
this  being  the  highest  average  speed  they 
record. 

Numerous  express  trains  on  the  Great  North- 
ern are  timed  to  run  from  London  to  Peter- 
borough in  1%  hours,  the  distance  being  76% 
miles,  and  the  average  51  miles  an  hour.  Tak- 
ing into  account  the  number  of  trains  which 
make  this  high  average,  and  the  almost  uni- 
form record  upon  all  the  main  lines  of  the  com- 
pany, the  Great  Northern  undoubtedly  occupy 
the  foremost  ranks  in  the  matter  of  speed.  The 
Scotch  express  covers  105  miles  in  2  hrs.  8. 
min.  without  stoppage,  which  is  probably  not 
only  the  longest  continuous  run,  but  likewise 
the  fastest,  upon  the  standard  gauge,  to  be 
found  anywhere  in  the  world. 

The  Great  Western  Company's  express  trains 
get  over  the  36  miles  between  London  and 
Reading  in  46  min.  at  the  rate  of  47  miles  an 
hour.  An  exceptional  rate  of  speed  has  been 
given  to  this  company's  Exeter  express  trains 
so  as  to  put  them  on  a  time  level  with  the  South- 
western, which  have  a  much  shorter  route  to  that 
city.  These  roads  travel  over  the  broad  gauge 
from  London  to  Swindon  in  1  hr.  27  min  ,  being 
the  extraordinary  equivalent  of  53%  miles  an 
hour.  Upon  the  announcement,  a  short  time 
ago,  that  an  additional  fast  afternoon  train 
would  be  run  by  this  company,  the  London  & 
Southwestern  appear  to  have  reduced  their  time 
by  way  of  retaliation,  and  we  shall  probably 
soon  see  a  similar  reduction  in  the  Great  West- 
ern. To  assimilate  the  times  it  will  be  neces- 
saay  to  increase  the  speed  by  about  4  miles  an 
hour. 

The  Brighton  Company  have  trains  which 
run  from  London  to  Brighton,  the  distance 
being  50%  miles,  without  stopping,  and  the 
average  speed  43%  miles  an  hour.  Others  ac- 
complish that  part  of  the  journey  between 
Croydon  and  Brighton  at  the  rate  of  46  miles, 
and  the  Portsmouth  express  trains  on  some 
parts  of  their  journey  average  as  much  as  47% 
miles  an  hour,  showing  that  where  there  is 
competition  the  speed  is  greatest. 

The  London,  Chatham  &  Dover  Company's 
continental  express  trains,  and  the  well-known 
' '  Granville  "  express  train  on  the  same  line, 
average  45  miles  an  hour. 

The  best  average  runs  are  made  on  the  Lon- 
don &  Northwestern,  between  London  and 
Rugby,  where  a  speed  of  45  miles  is  made  by  a 
considerable  number  of  trains,  and  one  Man- 
chester train  performs  that  part  of  the  journey 
between  Willesden  and  Rugby  at  the  rate  of 
47%  miles  an  hour,  this  being  the  maximum 
velocity  for  any  continuous  journey  by  this 
company's  trains. 

The  London  &  Southwestern  is  a  compara- 
tively slow  line.  Their  fastest  time  to 
Portsmouth  is  2  hrs.  10  min.,  the  dis- 
tance 73%  miles;  to  Southampton,  2  hrs. 
20  min.,  and  the  distance  79  miles.  The 
run   from    London    to    Woking  is    made  at 
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the  rate  of  411.,'  miles  an  hour.  Their  West  of 
England  express  train  is,  however,  the  fastest. 

This  train  having  been  recently  accelerated, 
now  traverses  the  distance  between  London  and 
Exeter,     171  ^     miles,    in  four   hours,   a   fairly 

creditable  performance.    The  best  time  is  made 

in  the  run  from  London  to  Basingstoke,  at  the 
rate  of  44  miles  an  hour. 

I  The  Midland  have  a  comparatively  easy  run 
between  London  and  Bedford,  a  distance  of  48 
miles,  which  is  done  by  the  morning  "news- 
paper" train  in  just  'three  minutes  over  the 
hour,  the  actual  rate  of  speed  being  therefore 
46  miles  an  hour.  The  severe  grades  upon  the 
Settle  &  Carlisle  line  do  not  prevent  this  com- 
pany from  maintaining  almost  the  maximum 
upon  the  long  journey  of  86}£  miles  between 
Skipton  ami  Carlisle.  This  difficult  journey  is 
accomplished  in  live  minutes  under  the  two 
hours,  equivalent,  therefore,  to  45  miles  an 
hour.  Upon  this  and  the  corresponding  sec- 
tion of  the  London  &  Northwestern  from  Pres- 
ton to  Carlisle  the  nature  of  the  country  has 
necessitated  a  succession  of  long  and  severe 
gradients,  and  the  important  trains,  before  en- 
tering upon  it,  are  usually  divided  and  proceed 
in  two  portions.  On  some  of  the  long  down- 
hill stretches,  a  speed  of  70  miles  an  hour  is 
occasionally  obtained. 

The  Southeastern  Company's  continental 
trains  run  from  Cannon  street  to  Dover,  a  dis- 
tance bf  75  miles,  in  1  hr.  42  min.,  being  at  the 
rate  of  45  miles  an  hour. 

The  recent  brake  trials  disclosed  some  in- 
stances of  extreme  velocity,  the  experiments 
taking  place  at  speeds  up  to  60  miles  an  hour. 

The  chairman  of  the  London  &  Northwestern 
two  years  ago  mentioned  that  his  company  had 
refused  to  go  into  the  severe  competition  in 
point  of  speed,  and  that  advantage  was  sought 
more  by  the  geography  of  the  line,  and  that 
their  trains  worked  at  a  less  speed  than  any  of 
the  other  companies.  The  following  summary 
of  the  maximum  averages  now  made  on  the 
din* erent  lines  will  show  how  different  the  views 
of  some  of  the  companies  appear  to  be  upon  this 
important  matter : 

Miles. 

Great  Western 53^ 

Great  Northern 51 

London  &  Brighton 47^ 

London  &  Northwestern 47% 

Midland 46 

London,  Chatham  &  Dover 45 

Southeastern 45 

Great  Eastern 44 

London  &  Southwestern 44 

— R  B.  Gazette. 
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The  Longest  Railway  Bridge  on  the 
Continent. — According  to  the  Weser 
Zeit'/ng,  the  bridge  over  the  Rhine  at  Wesel 
comprises  107  arches  or  openings.  Of  these 
there  are  four  in  the  center  of  the  stream  313 
feet  wide,  the  less  considerable  including  35  of 
60  feet  each,  6  of  61  feet,  14  of  40  feet,  18  of  12 
feet,  10  of  20  feet,  and  20  of  30  feet.  The  total 
length  of  the  bridge  or  viaduct,  including  the 


part  on  piles,  is,  therefore,  6,220  feet,  or  1,952 

met. 

ELEVATION  op  Railways. — The  elevation 
above  the  level  of  the  sea  of  some  of  the 
Chief  railways  of  the  world,  out  of  the  British 
Islands,  is  as  follows: — The  Apennine  line  at  its 
highest  point  is  617  metres  above  the  sea  level, 
the  Black  Forest  line  850  metres,  the  Semmer- 
ing  890,  and  the  railway  over  the  Caucasus  975 
meters,  The  tunnel  of  the  St.  Gothard  line  at- 
tains an  elevation  of  1,154  meters,  theBremner 
line  1,3(57,  and  the  Mont  Cenis  line  1,338.  In 
America  the  highest  lines  are  the  North  Pacific, 
which  at  its  most  elevated  point  is  1,652  meters 
above  the  level  of  the  ocean,  the  Central  Pacific 
2,140,  and  the  Union  Pacific,  2,513  meters. 
The  highest  point  of  the  railway  over  the  Andes 
is  4,769  metres  above  the  sea  level. 

A  Prussian  Railway  Bridge. — One  of  the 
longest  railway  bridges  in  Germany  is 
now  on  the  point  of  completion.  It  crosses 
the  river  Vistula,  near  Grandenz,  and  rests 
upon  twelve  piers.  The  length  from  the  com- 
mencement of  the  first  to  the  end  of  the  last 
pier  is  1,443  meters,  or  nearly  a  mile.  It  is 
considerably  longer  than  the  other  chief  bridges 
over  the  Vistula,  at  Dirschau  and  Thorn,  and 
is  likewise  lighter  and  more  elegant  than  the 
Dirschau  bridge,  though  the  cost  of  its  con- 
struction was  not  half  as  much.  It  will  con- 
nect the  East  Prussian  with  the  Thorn  and  In- 
sterburg  Railways,  and  bring  the  province  of 
West  Prussia  into  direct  connection  with  the 
main  lines  of  international  traffic. 


ORDNANCE  AND  NAVAL 

The  relative  cost  of  rival  great  guns  is  an 
important  factor  in  the  gunnery  problem, 
and  is  as  follows  :  The  Krupp  steel  gun  of  70 
tons,  £22,000  ;  the  Armstrong  100  ton  coiled 
wrought  iron  gun  £16,000  ;  the*  Woolwich — 
Fraser — wrought-iron  coil  gun,  80  tons, 
£10,000.  Therefore,  two  80-ton  guns  of  the 
Woolwich  type  can  be  constructed  for  the  cost 
of  one  of  their  German  rivals,  and  leave  £2,000 
to  the  good. 

The  Armstrong  Divided  Mountain  Guns 
in  Afghanistan. — The  interest  in  the 
operations  in  Afghanistan  center  in  the  move- 
ment of  the  column  advancing  from  the  Kur- 
ram  Valley  over  the  Shatargardan  Pass  on 
Cabul,  under  Sir  Frederick  Roberts.  This 
column  having  secured  the  road  over  the 
above-mentioned  pass,  has  about  seventy  miles 
to  traverse  of  bad  but  feasible  ground  with  but 
one  fairly  difficult  pass  in  its  path.  It  is  satis- 
factory to  be  able  to  state  that  it  is  well  pro- 
vided with  suitable  artillery  in  proportion  to  its 
strength,  including  the  two  mountain  batteries 
of  experimental  Armstrong  guns  of  the  pattern 
described  in  the  last  volume  of  the  Engineer. 
These  guns  having  been  made  on  a  suggestion 
of  Col.  Le  Mesurier  to  take  asunder,  are  so 
constructed  as  to  be  really  powerful  field  pieces 
while  having  the  mobility  of  mountain  guns, 
each  gun  being  carried  on  two  mules.  It  may 
be  remembered  that  we  pointed  out  that  even 
should  experience  teach  us  that  the  union  of 
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the  parts  of  the  barrel  was  a  more  difficult  pro- 
cess in  action  than  the  putting  together  of  a 
mountain  carriage,  the  battery  would  still  be 
specially  suited  to  such  operations  as  involved 
the  crossing  of  a  range  of  mountains  and  sub- 
sequent fighting  on  level  ground.  This  is  pre- 
cisely the  condition  under  which  these  guns 
are  now  to  be  employed.  While  the  daily 
papers  may  with  truth  observe  that  we  may 
well  congratulate  ourselves  on  the  presence  of 
officers  of  such  reputation  as  Sir  F.  Roberts, 
Brigadier-General  Massey  and  others  who  hap- 
pen to  be  within  reach  at  the  moment,  we  are 
glad  to  be  able  to  point  out  that  these  two  ex- 
perimental batteries — twelve  guns  in  all — are 
exactly  in  the  right  place  at  the  right  time. 
We  hbpe  to  hear  of  good  results  effected  by 
them. 


BOOK  NOTICES 

NAVIGATION  AND  PRACTICAL  ASTRONOMY. 
By  Rev.  W.  T.  Read,  M.  A.  London: 
Elliot  Stock  For  sale  by  D.  Van  Nostrand. 
Price,  $4.25. 

A  book  for  learners  who  have  progressed  as 
far  as  trigonometry  in  their  mathematics.  Nu- 
merous examples  worked  out,  illustrate  the 
methods  of  calculation. 

The  difficulties  in  navigating  iron  vessels  are 
specially  treated. 

A  Manual  of  Signals.  For  the  use  op 
Signal  Officers  in  the  Field,  and 
for  Military  and  Naval  Students.  By  Bv't. 
Brig.  Gen.  Albert  J.  Myer.  Washington: 
Gov't  Printing  Office. 

This  is  a  new  and  improved  edition  of  a  book 
that  has  been  in  use  for  some  years.  It  is  pre- 
eminently an  instruction  book;  the  fullest  de- 
tails being  afforded  in  the  way  of  directing  the 
learner,  who  is  desirous  of  acquiring  proficiency 
in  signalling.. 

The  Elements  of  Modern  Tactics  Prac- 
tically Applied  to  English  Forma- 
tions. By  Wilkinson  J.  Shaw,  M.  D. 
London :  C.  Keegan  Paul  &  Co.  For  sale  by 
D.  Van  Nostrand.     Price,  $4.00. 

This  is  one  of  a  series  of  "Military  Hand- 
Books  for  Officers  and  Non-Commissioned 
Officers. "  It  is  of  convenient  size,  compactly 
printed  and  fully  illustrated;  the  colored 
lithographic  maps  being  especially  noticeable. 

Treatise  on  the  Construction  and  Manu- 
facture of  Ordnance  in  the  British 
Service.  For  sale  by  D.  Van  Nostrand.  Price, 
$4.50. 

This  work  contains  the  full  description  of 
the  guns  of  the  British  Army  and  Navy  at 
this  present  date. 

An  important  part  of  the  work  is  the  treatise 
on  "  Gun  construction  generally."  Quite  a 
large  portion  is  devoted  to  tables,  relating  to 
the  use  of  guns  of  different  sizes. 

rpEXT-BooK   of  Fortification  and   Mili- 
L      tary  Engineering,  for  use  at  Royal 
Military  Academy  at  Woolwich.     London. 
For  sale  by  D.  Van  Nostrand.     Price,  $14.25. 

Two  volumes,  royal  octavo,  with  many  il- 
lustrations, both  colored  and  plain.     No  detail 


of  construction,  that  has  been  considered  worthy 
of  mention  in  the  text,  seems  to  be  without  its 
graphic  representative  among  the  cuts.  A  por- 
tion of  the  work  is  in  a  sense  historical,  repre- 
senting operations  in  famous  sieges,  and  is  thus 
far  at  least  interesting  to  the  peaceful  citizen. 
But  the  book  is  of  great  value  only  to  those 
whose  occupation  is  scientific  warfare. 

The  Grammar  of  Lithography.  A  Prac- 
tical Guide  for  the  Artist  and 
Printer.  By  W.  D.  Richmond.  London: 
Wyman  &  Sons.  For  sale  by  D.  Van  Nostrand. 
Price,  $2.50. 

The  practical  and  technical  character  of  this 
book  is  unquestionable.  It  comprehends  the 
details  of  Commercial  and  Artistic  Lithography 
— Chromo  Lithography,  Zincography,  Photo- 
lithography and  Lithographic  Machine  Print- 
ing. 

The  illustrations  are  not  numerous,  but 
probably  will  suffice  for  the  artisan  who  is  al- 
ready skilled  in  the  general  manipulation ;  and 
it  is  for  such  that  the  work  is  manifestly  in- 
tended. 

Boots  and  Saddles.  A  History  of  the 
First  Volunteer  Cavalry  of  the 
War.  By  Jas.  H.  Stevenson.  Harrisburg: 
Patriot  Pub.  Co.  For  sale  by  D.  Van  Nostrand. 
Price,  $1.50. 

This  Regiment  was  known  as  the  FirsJ  New 
York  (Lincoln)  Cavalry. 

The  book  contains  a  spirited  narrative  of  the 
part  taken  by  this  troop  during  the  war.  The 
illustrations  are  so  poor  that  the  appearance  of 
the  book  would  be  improved  by  their  omission. 
The  defects  are  largely  due  to  the  artist,  but  it 
cannot  be  denied  that  he  was  much  aided  by 
the  engraver. 

The  story  will  doubtless  prove  interesting  to 
that  large  audience  who  actively  participated 
in  the  other  scenes  of  the  great  drama  of  the 
war. 

Ice-Making  Machines.  Science  Series, 
No.  46.  From  the  French  of  M. 
Ledoux.  New  York:  D.  Van  Nostrand. 
Price  50  cts. 

In  this  brief  treatise,  as  the  readers  of  .  the 
Magazine  already  know,  the  various  ice  ma- 
chines are  regarded  as  being  of  three  different 
types,  represented  by — the  Air  Machine  of  M. 
Gifford ;  the  Sulphurous  Acid  Machine  of  M. 
Pictet,  and  the  Ammonia  Machine  of  M.  Carre. 

The  theoretical  conditions  of  successful 
working  of  each  type  are  elaborately  presented, 
and  enough  of  the  practical  details  is  given  to 
explain  the  rationale  of  the  operation. 

As  an  application  of  the  principles  of  ther- 
modynamics, the  treatise  will  prove  of  interest 
to  the  student,  while,  as  an  exposition  of  the 
relative  merits  of  the  different  processes,  it  will 
prove  of  undoubted  value  to  the  practical  en- 
gineer, who  is  called  upon  to  employ  a  refrig- 
erating machine  for  any  of  its  several  uses. 

Wave  and  Vortex  Motion.     By  Thomas 
Craig,  Ph.  D.    New  York:  D.    Van 
Nostrand.     Price  50  cts. 

The  difficult  work  successfully  accomplished 
by  engineers,  and  the  marvelous  progress  made 
by  inventors  during  the  past  half-century,  may 
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be  almost  entirely  traced  to  the  greater  atten- 
tion paid  to  secure  accuracy  and  to  exercise 
judgment  in  the  application  of  natural  laws. 

The  man  who  now  depends  upon  chance  ex- 
periments for  giving  him  desired  results  is  3000 
left  far  behind  by  him  who  avails  himself  of 
the  knowledge  which  has  been  obtained,  bv 
systematic  scientific  investigation:  and,  as  it  is 
not  to  be  expected  that  the  proceedings  of  the 
various  learned  societies,  nor  even  the  various 
technical  periodicals,  can  be  regularly  con- 
sulted, such  treatises  as  those  contained  in  Van 
Nost  rand's  Science  Series  are  invaluable.  The 
lasl  issued  volume — No.  43 — is  in  no  respect 
inferior  to  any  of  its  predecessors,  whilst  it 
deals  with  a  subject  which  will  be  of  greal 
utility  to  a  large  number  of  practical  men.  It 
contains  the  elements  of  the  mathematical 
theory  of  fluid  motion  in  a  form  which  will 
enable  those  who  study  the  memoir  to  grasp 
the  principal  facts  easily  and  thoroughly.  That 
problems  in  hydrodynamics  are  frequently  very 
difficult  cannot  be  doubted,  and  this  difficulty 
is  not  diminished  by  the  fact  that  no  general 
work  upon  the  subject  exists,  so  that  the  stu- 
dent has  to  pick  up  his  information  as 
best  he  can.  This  obstacle  to  progress  Dr. 
Craig  proposes  to  remove  by  treating  the  entire 
subject  systematically  and  exhaustively,  and 
the  present  Science  Series  volume  (Elements  of 
the  Mathematical  Theory  of  Fluid  Motion — 
Wave  and  Vortex  Motion.  By  Thomas  Craig, 
Ph.D.,  Fellow  in  Physics  in  the  Johns  Hopkins 
University,  Baltimore.  Xew  York:  Van  Nos- 
trand.  London:  Triibner  &  Co.)  furnishes  an 
outline  of  and  introduction  to  the  complete 
treatise  which  he  intends  shortly  to  publish. 
Dr.  Craig  has  taken  especial  care  that  the  stu- 
dents shall  be  led  on  by  easy  steps  to  the  tho- 
rough comprehension  of  the  subject.  Com- 
mencing with  the  consideration  of  the  general 
equations  of  fluid  motion,  he  demonstrates  that 
the  circulation  in  any  closed  line  moving  with 
the  fluid  remains  constant.  He  then  explains 
such  leading  principles  of  the  theory  of  the  po- 
tential as  frequently  recur,  and  explains  the 
derivation  of  them;  examines  the  motion  of 
water  in  plane  waves  when  the  excursions  of 
each  particle  are  very  small;  discusses  the  gen- 
eration of  cylindrical  waves,  and  then  considers 
free  vortex  motion  generally.  The  style  of 
treatment  is  clear  and  explicit,  and  will  be 
thoroughly  intelligible  to  anyone  who  has  made 
but  limited  progress  in  mathematical  study. 
Dr.  Craig's  complete  treatise  will  be  looked 
forward  to  with  much  interest. — London  Mining 
Journal. 

Fuel.  Its  Conbustion  and  Economy.  By 
D.  Kinnear  Clark,  C.  E.  New  York: 
D.  Van  Nostrand.  London :  Crosby  Lock- 
wood  <fc  Co.     Price,  $1.50. 

In  this  practical  treatise  the  reader  is  first  pre- 
sented with  careful  abridgements  of  two  stand- 
ard works; the  first  "on  the  Combustion  of  Coal 
and  the  Prevention  of  Smoke,"  by  C.  Wye  Wil 
Hams,  A  I.  C.E.,  and  the  second  "on  Economy  of 
Fuel,"  by  T.  Symes  Prideaux.  In  the  remain- 
ing portion  of  the  work  the  Editor  has  sum- 
marised the  more  recent  results  of  progress  in 
the  combustion,  and  economical  use,  of  fuels  on 


the  lines  laid  down  in  the  treatises  above  men- 
tioned, giving  also  considerable  space  to  an  im- 
portant series  of  experiments  with  coal  under 
steam  boilers,  conducted  separately  by  Mr. 
Loagridge  at  Newcastle-on-Tyne,  and  by  Mr. 
Fletcher  at  Wigan. 
Gas    furnaces    are    treated     at    considerable 

length,  in  view  of  their  greal  promise  for  the 

future. 

The  table  of  contents  jpveil  below  will  best 
exhibit  the  comprehensive  character  of  the 
book.  It  should  however  be  added,  that  the 
illustrations  number  144,  and  are  interspersed 
in  the  text. 

P,irt  I,— On  the  Combustion   of  Coal,   and  the 
Prevention  >>f  Smoke. 

BY  C.  WYE  WILLIAMS,  A.I.C.E. 

Ppeface  to  the  First  Edition:— Chapter 
I,  On  the  Constituents  of  Coal,  and  the  Gene- 
ration of  Coal-Gas;  II,  Of  Gaseous  Combina- 
tions, and  particularly  of  the  Union  of  Coal- 
Gas  and  Air;  III,  Of  the  Quantify  of  Air  Re- 
quired for  the  Combustion  of  Carbon,  after  the 
Gas  has  been  Generated;  IV,  Of  the  Mixing 
and  Incorporation  of  Air  and  Coal-Gas ;  \  ,  Ut 
the  Principles  on  which  Boilers  and  their  Fur- 
naces should  be  Constructed;  VI,  Of  the  In- 
troduction of  the  Air  to  the  Fuel,  in  a  Furnace, 
Practically  Considered;  VII,  Of  Regulating 
the  Supply  of  Air  to  the  Gas  by  Self- Acting  or 
other  Mechanical  Apparatus;  VIII,  Of  the 
Place  most  Suitable  for  Introducing  the  Air  to 
the  Gas  in  a  Furnace;  IX,  Of  Various  Furnace 
Arrangements,  with  Observations  thereon;  X, 
On  Providing  Adequate  Internal  Surface  for 
Transmitting  the  Heat  to  the  Water  for  Evap- 
oration; XI,  Of  Flame,  and  the  Temperature 
Required  for  its  Production  and  Continuance, 
and  its  Management  in  the  Furnaces  and  Flues; 

XII,  Of  the  Circulation  of  Water  in  the  Boiler; 

XIII,  On  the  Circulation  of  the  YV  ater  in 
Relation  to  Evaporaiion,  and  its  Influence  on 
the  Transmission  of  Heat;  XIV,  Of  the  Circu- 
lation of  the  Water  in  Relation  to  the  Dura- 
bility of  the  Plates;  XV,  Of  the  Draught ;  X\  I, 
Of  the  Tubular  System  as  Applied  to  Marine, 
Land,  and  Locomotive  Boilers,  in  Reference  to 
the  Circulation  of  the  Water  and  the 
Process  of  Combustion;  XVII,  On  the 
Use  of  Heated  Air,  and  its  Supposed  \  alue  in 
the  Furnaces  of  Boilers;  XV1I1,  On  the  Influ- 
ence of  the  Water  Generated  in  Furnaces  from 
the  Combustion  of  the  Hydrogen  of  the  Gas; 

XIX,  On  Increasing  the  Heat-Transmitting 
Power  of  the  Interior  Plate-surface  of  Boilers ; 

XX,  On  the  Generation  and  Characteristics  of 
Smoke ;  XXI,  Concluding  Remarks. 

Appendix.— Extracts  from  the  Second  Re- 
port of  Messrs.  Longridge,  Armstrong,  and 
Richardson  to  the  Steam  Coal  Collieries'  Asso- 
ciation, Newcastle-on-Tyne. 

Part  II — On  Economy  of  Fuel. 

BY  T.  SYMES  PRIDEAUX. 

Introduction!— Chapter  I,  On  the  Best 
Means  of  Rendering  Combustion  Perfect;  II, 
On  Contrivances  for  the  Employment  of  Infe- 
rior Kinds  of  Fuel ;  III,  On  the  Use  of  Com- 
pressed Air  in  Reverbatory  Furnaces ;  IV,  On 
the  Economy  to  be  Attained  by  Increasing  the 
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Temperature  of  Furnaces ;  V,  On  Feeding  Fur- 
naces with  Hot  Air;  VI,  On  the  Manufacture 
of  Iron. 

Pari  III. — Fuels:  Their  Combustion  and  Econo- 
mical   Use. 

BY  D.  K.  CLARK,    M.  INST.    CE. 

Chapter  I,  Chemical  Composition  of  Fuels, 
and  Formulas  for  Combustion ;  II,  Coal ;  III, 
Combustion  of  Coal;  IV,  Evaporating  Perform- 
ance of  Coal  in  a  Marine  Boiler  at  Newcastle- 
on-Tyne;  V,  Evaporative  Performance  of  Coal 
in  Lancashire  and  Galloway  Boilers  at  Wigan ; 
VI,  Coal-Burning  in  Locomotives ;  VII,  Coke ; 
VIII,  Lignite,  Asphalte,  and  Wood;  IX,  Peat; 
X,  Tan,  Straw,  and  Cotton-Stalks;  XI,  Liquid 
Fuel— Petroleum;  XII,  Total  Heat  of  Com- 
bustion of  Fuels;  XIII,  Gas-Furnace :— Func- 
tion and  Operation  of  Gas-Furnaces;  XIV,  Ap- 
plication of  Gas-Furnaces  for  the  Manufacture 
of  Gas ;  XV,  Gas-Furnaces  from  Steam-Boilers ; 

XVI,  Decomposition  of   Fuel  in  Gazogenes; 

XVII,  Iron-Furnaces.  —  Ordinary    Furnaces; 

XVIII,  Utilizing  the  Waste  Heat  of  Ordinary 
Iron-Furnaces  by  Generating  Steam;  XIX, 
Iron-Furnaces  in  which  Waste  Heat  is  Utilized 
by  Heating  the  Air;  XX,  Blast-Furnaces ;  XXI, 
The  Siemens  Regenerative  Gas-Furnace ;  XXII, 
The  Ponsard  Gas-Furnace,  with  Recuperator; 

XXIII,  Gorman's  Heat-Restoring  Gas-Furnace; 

XXIV,  Water-Gas  Generators  for  Heating  Pur- 
poses; XXV,  Powdered  Fuel. 

Books  Received.— List"  of  Periodical  En- 
gineering Literature  published  in  the 
English  language.  By  Herman  Houpt,  Jr., 
Ph.  D.,  Philadelphia. 

Report  of  the  Department  of  Public  Works 
of  the  City  of  New  York,  for  the  quarter  ending 
June  30th,  1879,  with  a  special  report  on  the 
subject  of  the  water  supply. 

Astronomical  Papers  prepared  for  the  use  of 
the  American  Ephemeris  and  Nautical  Al- 
manac. Vol.  I. ,  Part  1. ,  Eclipses.  Printed  by 
authority  of  the  Honorable,  the  Secretary  of 
the  Navy.  Washington:  Government  Printing 
Office. 

Methods  and  Results.  Secular  change  of 
magnetic  declination  in  the  United  States  and 
at  some  foreign  stations.  Third  edition  with 
two  plates.  Washington:  Government 
Printing  Office. 

The  Acta  Pilati.  The  official  report  of 
Pontius  Pilate  to  the  Emperor  Tiberias,  con- 
cerning the  crucifixion  of  Christ.  Edited  by 
Rev.  Geo.  Sluter,  A.  M.  Shelby  ville,  Ind. :  M. 
B.  Robins. 


MISCELLANEOUS. 

ON  the  occasion  of  the  inauguration  of  M. 
Thiers'  statue,  on  August  4th,  an  aero- 
nautical ascent  was  made  at  Nancy.  The  wind 
was  blowing  from  the  west  with  a  velocity  of 
16%  kilometers  an  hour,  and  no  variation  in  the 
direction  was  perceptible  from  the  ground  to 
800  meters.  The  altitude  of  the  balloon  was 
taken  by  officers  from  Mazleville,  with  a  theo- 
dolite, and  signals  were  exchanged  with  the 
ground  during  the  ascent.      The  signals  were 


given  by  the  aeronauts  with  a  flag,  and  by  offi- 
cers with  a  reflecting  mirror  placed  in  the  end 
of  a  tube,  and  mounted  as  a  telescope.  The 
officers  directed  the  rays  of  the  sun  on  the  bal- 
loon, and  intercepted  rays  with  a  key  in  order 
to  use  the  Morse  alphabet.  The  distance  of 
Mazleville  from  the  balloon  was  more  than  6 
kilometers,  and  the  signals,  Nature  says,  could 
be  seen  at  a  much  greater  distance.  This  shows 
that  in  a  besieged  town  a  passing  balloon  could 
be  used  for  giving  orders  to,  or  receiving  news 
from  friendly  forces.  The  system  of  communi- 
cation has  been  invented  by  one  of  the  officers 
of  the  garrison.  M.  W.  De  Vonveille  was  in 
the  car. 

The  American  Manufacturer  says  that  "  an 
undeveloped  yet  promising  market  for 
farming  implements  is  reported  in  Morocco  by 
U.  S.  Vice-Consul  John  Cobb,  at  Casablanca. 
In  a  recent  communication,  that  officer,  who 
takes  a  lively  interest  in  the  promotion  of 
American  trade,  writes  that  farming  imple- 
ments are  much  needed  in  that  country,  no 
improvements  having  been  made  there  in  that 
line  since  the  days  of  Mohammed  the  Great, 
nearly  1,300  years  ago.  Mr.  Cobb  believes  our 
manufacturers  will  find  a  large  field  for  opera- 
tions there,  as  many  of  the  Moors  have  money 
and  are  particularly  fond  of  useful  inventions. 
They  are  very  conservative,  however,  and  must 
see  an  article  in  use  or  under  conditions  in 
which  it  can  undergo  a  thorough  investigation 
before  they  can  be  made  to  believe  in  it. 
American  goods  are  favorably  received  by 
them,  and  can  be  made,  to  take  the  lead.  Pos- 
sibly our  manufacturers  interested  in  the  export 
trade  may  find  it  worth  while  to  correspond 
with  Mr.  Cobb."  Perhaps  some  of  our  manu- 
facturers can  write  to  some  one  else,  or  go  to 
see  into  the  matter  for  themselves. 

M  Ferdinand  de  Lesseps  has  issued  the 
.  prospectus  of  his  new  scheme  for  pierc- 
ing the  American  isthmus.  The  company  to 
be  organized  for  this  purpose  is  to  be  called  the 
' ' Inter-Oceanic  Canal  Universal  Company," 
and  its  capital  is  to  be  400,000,000f.,  or  £16,- 
000,000  nominal.  This  capital  is  to  be  divided 
into  800,000  shares  of  500f.  or  £20  each,  and 
790,000  of  these  will  be  offered  to  the  public, 
10,000  being  reserved  for  the  original  conces- 
sionaries in  paj^ment  of  concessions  and  sur- 
veys transferred  by  them  to  M.  de  Lesseps. 
Only  125f.  per  share  will  be  called  up  in  the 
first  instance,  the  balance  being  taken  as  re- 
quired, and  interest  at  the  rate  of  5  per  cent, 
will  be  paid  oh  the  actual  money  received  dur- 
ing the  course  of  the  construction.  Subscrip- 
tions will  be  opened  in  Europe  and  America  on 
the  6th  and  7th  of  August  next.  In  his  mem- 
orandum prefixed  to  the  prospectus  M.  de  Les- 
seps estimates  an  income  of  90,000,0001  from 
the  canal  when  it  is  completed,  and  as  85  per 
cent,  of  the  profits  are  assigned  to  the  share- 
holders he  reckons  that  they  will  get  47,000,- 
OOOf.  per  annum,  or  11%  per  cent.  We  have 
already  shown  we  believe  conclusively,  that  any 
such  hopes  of  .profit  as  those  held  out  by  the 
above  prospectus  must  be  delusive. 
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ARCH  FIXED  AT  THE  ENDS  AND  HINGED  AT  THE 
CROWN. 

72.  Let  the  curve  AaB,  Fig.  12,  repre- 
sent the  neutral  line  of  an  arch-rib,  fixed 
in  direction  and  position  at  A  and  B,  and 
hinged,  or  free  to  turn,   at  a  point   D 


above  the  crown,  in  the  upper  flange 
say,  so  that  the  pressure  line  must  pass 
through  D. 

Divide  the  arc  into  8  equal  parts  say, 
and  draw  ordinates  through  the  middle 
of  each  part  at  a,,  a2,  .  .  ,  .     Lay  off  the 
Vol.  XXI.— No.  6—31 


acting  at  al9  a9,  on  the 


loads  1,  2,  .  . 

left  vertical;  assume  a  pole  o  and  draw 
the  equilibrium  polygon  cc.  We  have 
caused  it  to  pass  through  D  for  conveni- 
ence. If  bb  is  a  trial  closing  line,  for 
the  rib  acting  as  a  girder,  the  moments 

at  ax,  «9,.,  are  proportional  to  bxcyib^,.,. 
Now  by  arts.  17,  19  and  25  we  must 
have, 

<*  (bc.x)=2(bc.x); 

A  B 

(D  being  the  origin  of  co-ordinates,  a? 
horizontal,  y  vertical)  since  the  vertical 
deflection  of  D  for  the  two  halves  of  the 
arch  is  the  same,  owing  to  the  hinge. 

The  condition  above  shows  that  the 
closing  line  bb  must  have  such  a  posi- 
tion, that  if  the  ordinates  bx  cl9  bji^  .  .  . , 
bBc6,  are  taken  as  forces  acting  in  posi- 
tion, their  resultant  must  act  through  D; 
for  the  left  member  represents  the  sum 
of  the  moments  of  these  supposed 
forces  for  the  left  half  of  the  arch, 
which  must  equal  a  similar  sum  for  the 
right  half  of  the  arch. 

By  aid  of  an  equilibrium  polygon  or 
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find  the  result- 
L,  etc.,  and  sup 


otherwise,  find  the  position  of  the  result- 
ant of  the  supposed  forces  bxcx,  b2c2, . .,  and 
suppose  it  to  pass  through  e,  to  the  left 
of  the  verticle  DE.  Now  lower  slightly 
the  left  end  of  line  bx  b 
ant  of  the  new  forces  bx  a 
pose  it  to  pass  through/,  to  the  right  of 
E.  If  the  left  end  of  bx  bs  be  now  raised 
in  about  the  ratio  of  Wf  to  E<s  of  the  last 
change,  its  position  will  be  very  nearly 
correct.  It  may  be  tested,  &c.  as  before. 
Suppose  now,  that  bxbe  is  the  correct 
position  of  this  closing  line.  It  is  evi- 
dent that  it  is  the  best  to  fix  the  line  bxbs 
as  nearly  correct  in  the  first  instance  as 
possible.  A  more  precise  method  can  be 
given,  but  the  above  is  probably  as 
direct  as  any. 

73.  The  closing  line  kk  of  the  arc  A«B, 
regarded  as  an  equilibrium  polygon,  must, 
of  course,  pass  through  D ;  and  since  the 
sum  of  the  moments  of  kxax,  Jc^a^  .  .  .,  to 
the  left  of  D,  must  equal  those  to  the 
right  of  D,  as  for  the  girder,  the  clos- 
ing line  must  be  horizontal,  since  the  arch 
is  symmetrical  about  the  crown.  The  or- 
dinates  of  the  type  kdt  are  now  propor- 
tional to  Ma. 

74.  From  the  third  condition,  art.  17, 


constant.  This  involves  an  opposite 
alteration  in  the  pole  distance.  Now 
lay  off  the  altered  ordinates  from  k,xk^, 
&c.  downwards,  to  locate  the  true  press- 
ure curve,  as  shown  by  the  dotted  line. 

On  drawing  through  o  a  line  parallel 
to  bxb%,  we  divide  the  load  line  1 . .  8  into 
the  vertical  components  of  the  reactions. 
Draw  through  this  point  of  division  a 
horizontal  equal  to  the  new  pole  distance 
to  locate  the  new  pole.  These  last  lines 
are  not  drawn  to  avoid  confusing  the  fig- 
ure. The  pressure  curve  may  be  tested 
to  see  if  IMy  for  both  halves  of  the  arch 
is  the  same.  "We  have  now  the  reactions 
in  position,  together  with  the  pressure 
curve  from  which  the  strains  can  all  be 
found. 

75.  Temperature  Strains. —  The  mo- 
ments caused  by  a  real  or  virtual  alteration 
of  span,  must  cause  the  same  to  rise  or 
fall  at  D  for  one-half  of  the  arch  as 
the  other;  so  that  kxk8,  as  previously 
determined  from  this  condition,  is  the 
line  along  which  the  horizontal  thrust  H 
due  to  temperature,  &c.  acts.  The 
moment  at  any  point  as  a2  is  therefore 
H.a2&2.  We  determine  H  exactly  as  in 
art.  55,  noting  that  in  the  second  equa- 


which  shows  that  the  horizontal  displace- 1  tion  of   that    article,   that  ok  and  y  are 

equal  for  this   case,  the  ordinates  being 
measured  from  kjce  downwards. 

On  measuring  the  ordinates  of  the 
type  ka  in  Fig.  12  to  scale,  squaring  and 
adding,  we  find  the  ^(ak.y)  of  art.  55, 
whence  the  value  of  H  may  be  found. 


ment  of  D  for  both  halves  of  the  arch  is 
the  same,  though  in  opposite  directions, 
we  have 

2(M.C  -Ma)y  =  -i(Mc  -Ma)y. 

A  B 

It  is  plain  that  if  the  left  member  is 
plus,  that  the  sum  in  the  right  member 
must  be  minus,  for  the  bending  of  one 
half  of  the  arch  is  different  in  kind  from 
that  of  the  other  half;  hence  we  have 
added  a  minus  sign  to  make  the  final 
result  plus.  From  this  equation  we 
derive 

2Mcy  +  2MZy=§May  +  2May, 

A  B  A  B 

all  ordinates  being  plus. 

Now  Mc  and  Ma  are  proportional  to 

the  ordinates  of  the  type  be,  ka,  respect- 
ively ;  also  at  ax,  a9, . . ,  yhas  the  values  kxax, 
k2  aa,  .  .  .  ,  respectively,  so  that  the  pre- 
ceding products  are  easily  found  graph- 
ically as  in  art.  7. 

If  the  two  members  of  the  equation 
are    not    equal,   we    must    change    the 


lengths  of  the  ordinates  bx  ex,  62  <j2,  .  .  .  to 

make  them  so,  since  the  right  member  is  |  of  D  for  both  halves  must  be  the  same 


ARCH  RIB  FIXED  AT  ONE  END,  AND  JOINTED  AT 
THE  OTHER  END  AND  AT  THE  MIDDLE. 

76.  Let  the  arch,  Fig.  12,  be  fixed  at 
B  and  jointed  at  A  and  D.  This  is  only 
a  particular  case  of  the  preceding  con- 
struction. Since  there  can  be  no  bend- 
ing moment  at  A  or  at  T>,  the  closing 
line  kxk8  must  pass  through  these  points, 
so  that  its  position  is  at  once  given. 
Suppose  it  drawn,  and  its  intersections 
with  the  ordinates  marked  kx,  k2,  .  .  .  ,  as 
in  the  figure;  then  we  have  only  to 
determine  the  new  pole  distance  for 
polygon  c,  with  the  resulting  change  in 
the  length  of  ordinates  be.  The  closing 
line  bx  bs  must  also  pass  through  D,  and 
C0  must  coincide  with  it. 

77.  Now   the  horizontal  displacement 
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though  in  opposite  directions  from  their 
abutments;  hence  the  preceding   condi 
tions,  that  may  be  written, 

2  (be.  y)  +  2(bciy)  =  2{ak.y)  +  2  {ak.y) 

A  B  A  B 

apply,  the  ordinates  be  and  ak  being  all 
regarded  as  plus.  (Prof.  Eddy,  in  his 
treatment  of  this  case,  takes  the  differ- 
ences of  quantities,  proportional  to  those 
in  each  member,  in  place  of  the  sum  as 
above.  This  is  plainly  an  oversight,  as 
we  see  from  the  connection  with  the 
preceding  case).  Proceeding  now  as 
before  we  locate  the  true  pressure  curve. 
78.  The  thrust  due  to  temperature 
must  act  along  the  closing  line  kjc^ 
drawn  through  A  and  D.  Call  F  the 
inclined  force  so  acting,  its  horizontal 
component  being  H.  The  moment  at 
any  point  a2,  is  then  H.  ajc^  or  of  the 
type  H.ak;  so  that  the  principles  of  art. 


55  apply,  except  that  the  moments  either 
side  of  the  center  not  being  the  same,  we 
must  find  the  sum  of  the  products  of  the 
type  {ak.y)  for  the  entire  arch,  ak  being 
of  different  signs  for  the  two  halves  of 
the  arch. 

A  AEI 


B 

The  ordinates  y  are  still  reckoned 
from  the  horizontal  through  D,  one  of 
the  hinged  points,  vertically  downwards. 
We  find  H  from  the  above  equation,  as 
illustrated  in  art.  56,  from  whence  the 
strains  due  to  the  real  or  virtual  change 
of  span  h  are  readily  found. 

ARCH    WITH    THREE    HINGES. 

79.  In  Fig.  13  we  have  represented 
one  of  the  best  forms  of  arch  for  short 
spans;  for  in  consequence  of  its  being 
free  to  turn  at  three  points  A,  c  and  B, 
the  upper  chord  being  cut  at  d,  and  the 


arch  proper  at  c,  there  are  no  strains  due 
to  change  of  span,  temperature  and 
elastic  shortening  of  the  arch.  Let  us 
suppose  that  the  two  halves  of  the  arch 
bear  at  c  only.  Suppose  the  right  half 
of  the  arch  to  be  loaded  at  the  apices 
with  the  weights  1,  2,  3  and  4,  shown  on 
the  left,  due  to  dead  and  live  load;  the 
left  half  with  the  weights  5,  6,  7,  due 
to  dead  load  only.  With  an  assumed 
pole  o,  draw  the  equilibrium  polygon 
shown  by  the  dotted  line  passing  above 
d*  Now  since  there  can  be  no  bending 
moments  at  a,  c  and  B,  the  actual  press- 
ure curve  must  pass  through  these 
points.  Therefore  draw  a  line  from  o 
parallel  to  A.b,  the  closing  line  of  the 
trial  curve,  to  intersection  with  the  load 
line  17,  and  from  this  point  draw  a 
horizontal,  of  a  length  equal  to  the  old 
pole  distance  multiplied  by  the  ratio  of 


the  ordinates  bd  and  ac,  corresponding 
to  the  two  curves  at  the  center.  This 
fixes  the  new  pole  o',  from  whence  the 
true  curve,  passing  through  A,  c  and  B, 
can  be  drawn. 

This  simple  construction  has  been 
used  by  Prof.  Eddy  (see  Kesearches  in 
Graphical  Statics)  for  passing  a  curve  of 
pressures  through  three  given  points  of 
a  stone  arch,  as  well  as  for  the  case 
above. 

80.  The  pressure  curve  passes  near 
the  curved  member  from  A  to  c,  then 
keeps  below  the  arc  to  B,  for  the  loads 
assumed. 

For  a  single  weight,  as  that  over  apex 
2,  the  pressure  curve  consists  of  two 
straight  lines;  one  drawn  from  B, 
through  c,  to  intersection  with  the 
vertical  through  2,  the  other  drawn 
from  this  last  point  to  A.     The  strains 


446 


VAN  NOSTKAND'S   ENGINEERING  MAGAZINE. 


due  to  each  weight  may  be  found  from 
its  pressure  curve,  and  tabulated;  from 
whence  the  maximum  strains  that  any 
member  can  ever  be  subjected  to,  from 
the  most  hurtful  distribution  of  the 
load,  can  be  ascertained. 

METHOD    OF    FINDING    THE    STRAINS    IN    THE 
MEMBERS    OF    ANY   ARCH. 

81.  The  above  figure  will  answer,  by 
way  of  illustration,  for  the  method  to  be 
pursued  in  any  arch.  Thus,  suppose  for 
any  arch,  fixed  at  the  ends,  &c,  or  other- 
wise shaped  like  Fig.  13,  that  we  desire 
to  know  the  stresses  sustained  by  pieces, 
C,  D  and  E,  the  resultant  R=ray  0'67, 
acting  along  the  side  of  the  equilibrium 
polygon  included  between  the  verticals 
at  6  and  7. 

Conceive  a  section,  as  shown  by  the 
wavy  line,  cutting  C,  D  and  E.  Suppose, 
now,  the  arch  to  the  right  of  the  section 
removed,  and  its  effect  upon  the  left  part 
replaced  by  forces  acting  opposed  to  the 
resistances  in  pieces  C,  D  and  E. 

The  part  left  of  the  section  is  still  in 
equilibrium.  Now,  R,  acting  to  the 
right,  is  the  resultant,  in  position,  of  the 
reaction  and  loads  left  of  the  section; 
hence  it  must  be  in  equilibrium  with  the 
forces  applied  to  the  cut  pieces,  C,  D 
and  E,  which  forces  we  may  denote  by 
the  same  letters  as  the  pieces  to  which 
they  correspond. 

Therefore,  the  moment  of  It  about  any 
point,  must  equal  the  sum  of  the  moments 
of  C,  D  and  E.  Thus,  take  6  as  a  center 
of  moments  ;  the  moments  of  E  and  D 
are  zero,  hence  the  moment  of  C  about  6 
equals  the  moment  of  R,  from  whence  C 
can  be  found. 

Again,  take  apex  DG  as  the  center  of 
moments,  we  have  the  moment  of  E 
equal  to  the  moment  of  R  about  DG, 
from  whence  E  follows. 

We  see  in  this  case  that  the  pieces  C 
and  E  are  in  tension  and  compression 
respectively,  since  the  forces  C  and  E 
must  act  from  and  towards  the  cut  pieces 
respectively  to  cause  equilibrium  with  R. 

It  may  be  observed  that  when  R  is  on 
the  other  side  of  the  apex  taken  as  the 
center  of  moments,  that  the  strains 
caused  are  of  an  opposite  character. 

The  strain  in  D  can  be  found  by  taking 
moments  about  7.  The  moment  of  R 
must  equal  the  sum  of  the  moments  of 
C  and  I),  etc. 


Similarly,  if  we  suppose  E,  F  and  G 
cut,  and  the  part  of  the  arch  right  of  the 
section  removed,  including  the  weight  at 
GD,  supply  forces  E,  F  and  G,  opposed 
to  the  resistances  in  E,  F,  G ;  we  have 
these  forces  in  equilibrium  with  the 
resultant  of  the  external  forces  to  the 
left  of  the  section,  which  is  now  simply 
the  reaction  at  B  (ray  0'7  P).  With  7 
as  a  center  of  moments  we  find  G ;  and 
with  the  apex  at  the  left  end  of  G,  as  a 
center  of  moments,  knowing  E,  we  can 
find  F ;  and  so  we  proceed  through  the 
arch. 

The  well  known  Maxwell  method  of 
diagram  may  also  be  employed  in  this  case, 
as  illustrated  by  Du  Bois  in  his  Graphical 
Statics. 

82.  When  the  flanges  of  an  arch  are 
parallel,  or  nearly  so,  as  usually  happens, 
their  strains  may  be  determined  as 
above  ;  but  the  strains  in  the  arch  mem- 
bers are  now  very  easily  found  by  decom- 


Fig.  14. 


posing  R,  for  the  section  taken,  into 
components,  N  and  T,  normal  and  parallel 
to  the  arch  at  the  section.  This  normal 
component,  multiplied  by  the  secant  of 
its  inclination  to  the  diagonal  cut,  gives 
the  strain  in  the  latter.  Thus  in  Fig.  14, 
let  R,  acting  through  a,  be  the  resultant 
of  all  the  forces  to  the  left  of  the  section, 
which  must  therefore  be  in  equilibrium 
with  the  forces  C,  D,  C,  that  are  opposed 
to  the  resistances  of  the  cut  pieces. 
Now  by  mechanics,  the  algebraic  sum  of 
the  tangential  components  are  zero  ;  i.e., 
C  +  V— C'—T=o;  also  the  sum  of  the 
normal  components ;  i.e.,  S  —  N=o,  whence 

S=N. 
On  multiplying  N  by  the  secant  of  the 
inclination  of  the  diagonal  to  the  normal, 
or  laying  off  S  to  scale  and  drawing  V 
parallel  to  T,  we  find  the  strain  D  in  the 
diagonal. 

83.  The  method  of  art.  11  applies  here 
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also;  both  methods  applying  to  the  solid 
arch  with  a  continuous  web. 

The  proper  resultant,  acting  at  the 
supposed  section,  must  be  carefully 
noted :  thus  in  Fig.  13,  when  E,  F  and 
G  are  the  cut  pieces,  the  resultant  left  of 
the  section  is  the  reaction  acting  through 
B,  and  not  the  resultant,  0'67  corre- 
sponding to  the  next  section  through  E, 
D  and  C,  since  the  weight  at  CG  is  then 
included. 

Similarly  in  Fig.  11,  for  the  case  of 
the  arch  lixed  at  one  end,  the  resultant 
for  a  section  between  A  and  a,,  not  in- 
cluding the  load  at  a,  is  the  reaction 
passing  through  O ;  the  resultant  for 
any  section  between  a,  and  an  is  ray 
0"12,  acting  along  ex  ea,  and  so  on. 

It  is  seen  from  Fig.  14,  that  when  N 
acts  upwards,  that  D  is  compression  or 
tension,  according  as  the  top  of  the  dia- 
gonal leans  to  the  right  or  left  of  the 
normal ;  the  reverse  when  N  acts  down- 
wards. 

84.  The  position  of  the  live  load  that 
gives  maximum  stresses  varies  for  each 
piece  ;  so  that  it  is  only  by  computing 
the  stresses  caused  by  each  single  weight, 
and  combining  the  resulting  positive  and 
negative  strains,  that  the  maximum  of 
either  kind  may  be  found.  As  some  of 
the  positions  of  the  live  load  may  be 
rarely  experienced  (see  "Maximum 
Stresses  in  Framed  Bridges,"  by  the 
writer,  for  similar  facts  in  connection 
with  simple  girders),  it  is,  of  course,  an 
open  question,  whether  the  effect  of  such 
unusual  positions  of  the  load  may  not 
be  included  under  some  per-centage 
added  to  usual  strains.  In  all  cases, 
however,  it  is  correct  practice  to  ascer- 
tain these  max.  strains,  in  order  that  the 
piece  may  be  designed,  so  that  for  no 
loading,  the  limit  of  elasticity  will  be 
passed. 

UNSYMMETRICAL   ARCHES. 

85.  The  preceding  principles  are  ap- 
plicable to  unsymmetrical  arches,  as 
where  one  end  of  the  arch  is  higher  than 
the  other,  etc.;  only  the  closing  line  of 
the  arch  regarded  as  an  equilibrium 
polygon  will  not  generally  be  horizontal, 
but  must  be  drawn,  as  that  in  the  polygon 
c  due  to  the  loading,  to  satisfy  the  proper 
conditions. 


BRACED  ARCHES. 

8G.  The  theory  previously  given  is 
nearly  correct  for  the  solid  arch,  having 
a  thin  plate  web  (whose  effects  in  causing 
a  flexure  is  included  in  the  term  I),  not- 
withstanding we  have  neglected  the  in- 
fluence of  the  shearing  or  normal  com- 
ponent N,  in  the  formulae  of  art  9,  et  seq. 

If  there  are  variations  in  E  and  I,  for 
the  different  portions  of  the  arch,  we 
have  seen  that  such  variations  are  easily 
included  in  the  graphical  treatment, 
however  difficult  this  may  become  in  the 
strictly  analytical  solution.  As  a  rule, 
however,  the  flanges,  either  in  the  solid 
or  braced  arch,  are  varied  but  little  in 
size,  except  for  very  large  spans,  so  that 
E  as  well  as  I  is  generally  constant. 
But  is  the  theory  applicable  to  a  braced 
arch,  or  one  composed  of  two  flanges 
with  diagonal  bracing  ?  Since  we  cannot 
include  this  bracing,  ordinarily,  in  the 
term  I,  its  influence  in  causing  bending 
deflection  is  neglected.  In  fact  the 
strains  on  the  diagonals  are  caused  en- 
tirely by  the  normal  components  which 
are  disregarded.  The  question  then  is 
the  following:  Is  the  total  change  of 
inclination  of  the  tangents  between  any 
two  points  of  the  arch,  or  the  relative 
displacements  of  those  points,  materially 
influenced  by  the  web  of  the  braced 
arch? 

Charles  Bender,  C.  E.,  has  given,  No. 
26  of  Van  Nostrand's  Science  Series,  an 
analytical  treatment  of  the  case  of  the 
deflections  of  a  straight  girder  (simple 
or  continuous).  From  his  eq.  3,  p.  82, 
we  find,  on  substituting  the  values  of 
yx  y9,  .  .  ,  that  the  influence  of  the  web 
in  causing  a  change  of  inclination  of  end 
tangents  is  very  small.  This  is  approx- 
imately true  for  arches — flat  arches 
especially.  From  eq.  4,  p.  84,  how- 
ever, we  see  that  angle  x  involving  the 
deflections  of  a  cantilever  beam  is  in- 
fluenced by  the  web.  "We  should  exi3ect 
the  same  in"  an  arch.  It  is  easily  proven 
by  a  careful  construction  thus :  draw  the 
arch  with  diagonal  bracing,  then  start- 
ing at  any  apex  construct  the  arch 
as  changed  from  the  tensions  or  com- 
pressions of  its  members,  finding  each 
successive  apex  in  turn.  If  the  shorten- 
ing or  lengthening  of  the  pieces  is  exag- 
gerated, we  have  an  exaggerated  view  of 
the  deformed  rib.    Now,  if  the  same  con- 
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straction  be  used  when  the  diagonals  are 
supposed  unaltered  in  length,  it  will  be 
found  that  the  deformed  rib  differs 
materially  in  position  from  the  first,  and 
the  more  so  the  greater  the  depth  of  arch. 

Stoney  ("Strains  in  Girders,"  Plate  1) 
has  given  a  similar  construction  for  a 
straight  truss.  The  difference  in  posi- 
tion of  the  two  deformed  girders,  given 
by  him  in  Plate  1,  may  be  taken  as  a 
partial  illustration  of  the  bent  arches 
given  above.  As  a  particular  case,  the 
pressure  curve  was  assumed  to  pass 
through  the  apices  of  the  lower  flange, 
so  that  the  change  in  the  top  flange  was 
zero.  The  diagonals  are  also  under  no 
strain  or  very  little.  The  exaggerated 
figure  of  the  arch  was  then  drawn ;  also 
the  figure  when  the  diagonals  are  sup- 
posed alternately  lengthened  and  short- 
ened, about  one-third  the  corresponding 
change  in  lower  flange. 

The  depth  of  arch  was  taken  at  about 
one-seventh  of  the  radius ;  the  half  cen- 
tral angle  being  72J-°,  the  semi-arch 
being  divided  into  five  panels.  The 
departure  from  the  free  *  end  was  about 
^  greater  for  the  case  where  the  change 
in  the  diagonals  was  considered — cer- 
tainly a  very  large  increase  to  be  ne- 
glected. 

It  is  to  be  observed,  however,  that  the 
pressure  curve  is  variously  inclined  to 
the  neutral  line,  and  that  the  influence 
of  the  web  when  N  acts  up,  is  the  oppo- 
site of  that  when  N  acts  down ;  so  that 
the  error  made  in  neglecting  the  web's 
influence  may  ultimately  be  small  in  con- 
sequence of  this  partial  balancing  of 
errors. 

Again,  if  the  sections  of  the  web  mem- 
bers are  very  large  compared  with  usual 
strains,  their  alterations  in  length  and 
influence  in  causing  deflection  becomes 
smaller  in  inverse  proportion  to  the  size 
of  the  pieces. 

In  the  case  of  bridges  with  flat  arches 
and  small  depth  of  arch  ring,  the  influ- 
ence of  the  open  web  diminishes  greatly; 
but  an  actual  construction  for  each  case 
can  alone  determine  the  amount  of  error 
involved,  which  may  thus  be  easily  in- 
cluded in  the  factor  of  safety.  For  deep 
arches  with  small  radius,  however,  such 
as  some  roof  trusses,  it  is  best  to  use  a 
solid  web  ;  otherwise  the  theory  hitherto 
given  may  not  be  applicable,  and  the 
strains   become  indeterminate.     At   any 


rate,  it  is  well  to  test  the  influence  of 
the  web,  for  any  design,  by  an  exagger- 
ated construction  of  the  deformed  arch 
in  order  to  include  the  error  made  under 
a  proper  factor  of  safety. 

This  objection  does  not  apply  to  the 
braced  arch  with  three  hinges,  since  the 
theory  of  elasticity  is  not  involved  in 
establishing  its  true  pressure  curve. 

87.  The  theory  of  elasticity  is  applica- 
ble, though  in  different  degrees,  in  obtain- 
ing the  true  pressure  curve,  to  all  struct- 
ures resting  on  two  supports  when  a  real 
or  virtual  change  of  space  is  considered. 
Thus,  consider  any  form  of  girder  or 
roof  truss  that  fits  perfectly  when  laid 
flat  on  its  side,  not  then  being  subjected 
to  any  strain.  When  erected  in  place 
and  the  supports  removed,  the  tendency 
is  to  push  the  abutments  further  apart, 
due  generally  to  the  compression  of  the 
upper  members  and  the  tension  of  the 
lower  ones.  If  one  end  of  the  truss  is 
on  rollers.,  it  slides,  and  the  reactions  are 
more  nearly  vertical,  the  smoother  and 
more  perfect  the  rollers  or  other  device 
used.  But  if  we  suppose  the  abutments 
fixed  in  position,  the  reactions  have  to  be 
determined  by  the  condition  that  "the 
span  is  invariable."  Even  in  a  straight 
girder,  where  the  lengthening  of  the 
lower  chord  is  in  part  taken  up  by  the 
curvature,  the  reactions  are  inclined 
slightly  inwards;  thus  decreasing  the 
strain  in  the  lowest  chord,  whilst  not 
adding  to  the  strain  in  the  upper  chord. 
This  lengthening  of  the  span  is  thus  on 
the  side  of  safety,  whether  produced  by 
the  elastic  elongations  of  the  parts  or  by 
a  rise  of  temperature  over  that  at  which 
the  parts  are  fitted. 

A  fall  of  temperature,  on  the  other 
hand,  may  cause  the  reactions  to  incline 
outwards. 

Now,  this  tendency  to  a  change  of 
span  is  much  greater  in  some  structures 
than  others,  particularly  in  those  of  the 
abutting  class.  Thus,  take  the  very 
graceful  "crescent  roof  truss"  with  diag- 
onal bracing :  if  one  end  rests  on  rollers 
it  will  practically  act  as  a  girder  having 
vertical  reactions;  otherwise  it  becomes 
a  braced  arch,  and  its  pressure  curve  is 
to  be  determined  by  previous  conditions. 
The  flanges  in  this  case  not  being  par- 
allel, the  formulae  of  arts.  9-20  no  longer 
apply. 

Bow,  in  his  "Economics  of  Construe- 
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tion,"  has  called  special  attention  to  the 
above  facts.  On  page  86  he  gives  an  in- 
teresting method  of  finding  the  trui 
actions  of  a  roof  truss  whose  parts  have 
been  changed  in  length,  due  to  the  elas- 
ticity of  the  material.     Tims,  to  take  one 

Be:  Draw  the  diagram  of  forces  for 
the  reactions  vertical,  and  compute  the 
change  of  span,  As,  due  to  elasticity  on 
the  assumed  sections.  Next,  find  the 
change  of  span,  As',  due  to*  an  assumed 
horizontal  thrust,  H.  Since  this  change 
varies  directly  with  H,  we  may  now  alter 
H  in  the  ratio  of  As  to  As',  so  that  the 
total  change  of  span  is  zero.  The  true 
reaction  is  compounded  of  the  last 
value  of  H  and  the  vertical  reaction. 
Similarly,  if  the  change  of  span  is  not 
zero,  the  final  value  of  H  must  be  such 
that  As— As'  ^assumed  change  of  span. 

It  is  suggested  that  the  change  of  span 
due  to  elasticity  can  be  readily  found,  as 
explained  in  the  preceding  article,  from 
an  exaggerated  drawing  of  the  deformed 
structure  j 

When  the  truss  rests  upon  high,  nar- 
row abutments,  their  yielding  is  an  un- 
known factor,  so  that  it  is  well  in  such 
cases  not  to  use  a  structure  having  much 
tendency  to  a  change  of  span. 

SUSPENSION    SYSTEMS. 

88.  The  theory  hitherto  exposed  is 
equally  applicable  when  the  arches  are 
suspended  from  the  supports,  the  strains 
being  changed  in  kind  only.  The  sus- 
pended arch  with  three  hinges  has  been 
lately  used,  and  is  peculiarly  suited  to 
overcome  that  want  of  rigidity  observ- 
able in  ordinary  suspension  bridges, 
besides  being  readily  analyzed. 

ARCHED    ROOF    TRUSSES. 

89.  The  arched  roof  truss  is  more 
especially  adapted  to  large  spans.  In 
this  investigation,  the  flanges  will  be 
supposed  concentric  or  parallel,  so  that 
the  conditions  of  art.  9  et  seq.  apply; 
more  especially  if  the  web  is  solid  or 
latticed,  and  approximately  for  a  more 
open  web. 

When  the  weight  of  the  structure, 
with  any  vertical  loading,  as  snow,  alone 
is  considered,  the  analysis  falls  under 
that  already  given.  If  in  addition,  how- 
ever, the  wind  is  supposed  to  blow  on 
one    side    of    the    structure,    the    case 


becomes   one  of   oblique   forces   and   is 

more  difficult  of  solution. 

90.  If  we  suppose  the  wind  to  blow 

horizontally   with   a   force   P    against  a 

square  foot  of  vertical  plane,  the  experi- 
I  ments  of  Hutton  go  to  show  that  the 
|  normal  pressure  on  a  square  foot  of 
j  roof  surface  inclined  at  an  angle  i  to  the 

horizontal  equals 

N=P  sin  ^i-84  cos.  i-i 

More  extended  experiments  are  needed 
to  verify  this  formula  ;  but  assuming  it  to 
be  true,  we  have — taking  P  =  40  lbs.  per 
square  foot,  as  the  greatest  intensity  of 
the  wind  in  a  horizontal  direction  likely 
to  occur,  the  following  values  of  N  in 
pounds  for  different  inclinations  of  the 
roof  surface,  taken  from  Greene's  Roof 
Trusses : 


i 

N 

% 

N 

i 

N 

5° 

5.2 

25° 

22.5 

45° 

36.1 

10 

9.6 

30 

26.5 

50 

38.1 

15 

14. 

35 

30.1 

55 

39.6 

20 

18.3 

40 

33.4 

60 

40. 

For  steeper  slopes  N  is  40  lbs. 

91.  Let  ACB,  Fig.  15,  represent  the 
neutral  line  of  a  pointed  roof  truss;  the 
arc  AC  being  described  with  a  center  d, 
the  arc  BC  with  a  center  d'.  In  this  fig- 
ure each  half  arc  is  divided  into  16  equal 
parts  and  ordinates  drawn  through  the 
center  of  each  division. 

Assume  the  slope  of  roof  i,  on  each  di- 
vision, to  be  that  of  a  tangent  to  the  cen- 
ter of  each  division,  then  the  force  of 
wind  on  the  15th  division,  inclined  80° 
to  the  horizon,  is  40  lbs.,  and  it  acts  in 
the  direction  of  the  radius  15,  d.  Hence 
lay  off  dm  on  the  radius  produced  equal 
to  40  lbs,  multiplied  by  area  of  division; 
if  dn  represents  the  weight  of  one  divis- 
ion of  roof,  nm  is  the  resultant  oblique 
force  acting  at  the  center  of  division  15, 
through  which  a  line  is  drawn  parallel  to 

nm. 


The  weight  of  each  division,  in- 
cluding purlins,  sheeting,  snow,  &c, 
does  not  generally  act  through  the  cen- 
ter of  the  division  of  the  neutral  line ; 
hence  it  is  most  accurate  to  combine  N, 
with  the  vertical  load  acting  through  its 
center  of  gravity;  so  that  the  oblique 
line  just  drawn  will  be  moved  slightly  to 
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the  left.  The  subsequent  constructions 
are  the  same  in  either  case. 

92.  Proceeding  in  this  manner  for  each 
division,  values  of  N  being  interpolated 
from  the  table,  when  necessary,  we  next 
lay  off  on  a  force  diagram  on  the  left, 
beginning  at  e,  the  forces  1,  2,  ...  ,  act- 
ing at  the  center  of  divisions  1,  2,  ...  , 
in  order  and  parallel  to  their  directions. 
Similarly,  on  the  vertical  through  ef,  lay 
off  the  equal  weights  on  the  divisions 
from  C  to  B  in  order. 

(The  forces  are  here  laid  off  to  a  small- 
er scale  than  that  to  which  nm  was 
drawn,  for  convenience). 

The  lines  ef  and  ef  represent,  there- 
fore, the  intensity  and  directions  of  the 
resultants  of  the  forces  just  found  from 
C  to  A  and  from  C  to  B  respectively. 

The  position  of  these  resultants  Pl  and 
P2  are  found  as  follows:  The  line  eCe' 
was  drawn  in  the  first  instance  passing 


through  the  crown,  at  about  the  inclina- 
tion it  was  thought  the  pressure  curve 
would  have  there.  Hence,  assuming  O 
and  O',  equally  distant  from  e  and  e', 
as  poles,  draw  the  pressure  curves  for 
the  left  and  right  halves  of  the  arch 
respectively,  starting  at  c  with  the  as- 
sumed inclination  of  the  thrust  there. 
The  curve  on  the  right  is  drawn  as  usual 
and  needs  no  explanation.  It  lies  very 
near  the  neutral  line  at  first  and  then 
passes  above  it.  On  prolonging  the  last 
side  to  intersection  E'  with  Ce',  we  find 
the  position  of  the  resultant  P2  of  the 
forces  on  the  right  half  of  the  arch. 

For  the  left  side,  we  extend  Ge  to 
intersection  with  force  acting  at  1,  then 
draw  a  line  ||  ray  12  to  force  at  2,  then  a 
line  ||  ray  23  to  force  at  3  and  so  on. 
On  prolonging  the  last  side  to  E,  we 
have  EPj  ||  efthe  position  of  the  result- 
ant P^e/'of  the  oblique  forces  acting 


on  the  left  half  of  the  arch.  If  this 
were  the  true  pressure  curve,  this  "last 
side"  would  represent  the  reaction  at  A, 
which  produced  to  intersection  E  with 
the  thrust  at  C  gives  one  point  of  the 
resultant  Px  as  stated. 

93.  It  is  evident  that  so  long  as  the 
loading  remains  the  same  that  the  posi- 
tions and  magnitudes  of  Px  and  P2 
remain  the  same  for  any  pressure  curve. 


It  is  now  very  easy  to  find  the  reaction 
at  A  in  order  that  a  pressure  curve  may 
pass  through  the  three  points  A,  C  and 
B.  Thus  call  the  vertical  and  horizontal 
components  of  the  reaction  at  A,  V  and 
Q  respectively.  On  equating  the  mo- 
ment of  V  with  that  of  T1  and  P2  about 
B,  we  find  V 
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calling  />,  and  p,  the  length  of  perpendic- 
ulars from  B  upon  Px  and  P2  respect- 
ively. 

This  supposes  B  to  be  at  the  same 
level  as  A,  otherwise  Q  will  have  a 
moment  about  B.  If  P,  is  decomposed 
into  vertical  and  horizontal  components 
at  the  level  of  B,  the  term  P,£>,  may  be 
replaced  by  the  product  of  its  vertical 
component  by  its  horizontal  distance  to 
B.  To  find  Q  take  moments  about  the 
crown  of  the  forces  to  the  left  of  it. 
Thus  calling  the  length  of  the  perpen- 
diculars from  C  to  Pj  and  AB,  c,  and  h 
respectively,  we  have, 

Ah. 
QA=V-2—  P,c, 

from  whence  Q  is  found. 

Laying  off,  now  fg=Y  and  g~D=Q,,  we 
have  D  as  the  new  pole  on  the  left.  On 
drawing  e'D'  parallel  and  equal  to  eD, 
we  have  D'  for  the  position  of  the  new 
pole  for  the  forces  acting  on  the  right 
half  of  the  arch. 

The  direction  of  the  pressure  at  C  is 
the  line  FcF'  parallel  to  eT>  or  e'D'. 

Starting  at  C  we  draw  the  pressure 
curve  as  before.  It  is  shown  by  the 
dotted  line  passing  through  A,  C  and  B. 

It  is  well  to  test  the  computed  values 
of  V  and  Q,  before  drawing  the  pressure 
curve,  by  drawing  through  A  and  B  lines 
parallel  to  fD  and  f'T>'.  If  these  lines 
intersect  FF  at  the  same  points  F  and 
F'  with  P1  and  P2,  the  poles  D  and  D' 
have  been  correctly  found. 

94.  The  above  pressure  curve  is  the 
true  one  for  the  roof  truss  hinged  at  A,  C 
awl  B. 

When  the  arch  is  not  hinged  at  the 
abutments,  the  pressure  curve  will  not 
generally  pass  through  points  at  the 
same  level  at  the  springings.  Thus  sup- 
pose B  of  the  new  pressure  curve  to  lie 
above  A,  and  the  point  C  to  one  side  of 
the  crown,  and  let  it  be  required  to  pass 
a  pressure  curve  through  the  new  posi- 
tions of  A,  B,  C.  First  find  the  result- 
ants (which  call  Tl  and  P2  as  before)  of 
the  loads  left  and  right  of  C  (new  posi-  j 
tions  of  A,  B,  C,  are  intended  in  what 
follows).  This  is  easily  done  by  pro- 
ducing the  proper  sides  of  the  equili- 
brium polygon  to  intersection,  &c. 

Denote  the  lever  arms  V,  Pj  and  P2 1 
about  B,   I,  px,  and  p2  respectively,   the 


lever  arms  of  V  and  P,  about  C,  c  and  c. 
respectively.  The  vertical  distances  of 
C  and  B  above  A  are  h  and  b  respective- 
ly. Taking  moments  now  about  B  we 
have, 

¥/=?,!>, +P,fvfQft 
Again,  taking  moments  of  the  forces  to 
the  left  of  C  about  C,  we  find, 

Vc=F1c1+QA 

Eliminating  Q  from  these  equations,  we 
get, 

V_Pi(P,*-Cift)  +  PaP^ 
hl-cb 

Having  found  V  from  this  equation, 
we  can  deduce  Q  from  the  preceding 
equation,  and  then  proceed  as  before  to 
draw  the  pressure  curve  through  the 
assumed  points  A,  B  and  C. 

These  formulae  may  also  be  employed 
in  the  case  of  a  tunnel  or  culvert  arch 
acted  upon  by  oblique  forces  on  both 
sides.  See  other  formulae  in  "Voussoir 
Arches,"  art.  63. 

95.  B-ecurring  to  the  pressure  curve 
ACB,  having  the  poles  D  and  D',  we  have 
the  bending  moment  about  any  point  on 
the  neutral  axis  between  4  and  5,  say, 
equal  to  ray  D  45,  measured  to  the  scale 
of  force  multiplied  by  the  perpendicular 
distance  from  the  point  to  the  resultant 
acting  along  the  side  45  of  the  pressure 
line. 

This  moment  is  also  equal  to  the  hori- 
zontal component,  H'  of  ray  D45,  multi- 
plied by  the  vertical  distance  v  from  the 
point  to  the  resultant.  This  is  evident, 
if  we  decompose  the  resultant  at  a  point 
of  its  line  of  action  vertically  over  the 
point  taken  in  the  neutral  axiSj  into  ver- 
tical and  horizontal  components.  The 
latter  alone  causes  a  moment  about  the 
point  equal  to  H'u  as  stated. 

It  is  well  to  note  that  v  is  not  measured 
necessarily  to  the  pressure  curve,  unless 
the  resultant  happens  to  act  along  the 
side  vertically  over  the  point.  At  a  point 
where  a  force  acts,  as  the  one  marked  4 
of  the  neutral  axis,  the  bending  moment 
may  be  found  by  taking  the  moment  of 
the  resultant  acting  either  side  of  the 
force.  In  this  case  if  the  resultant 
(=ray  D45)  to  left  of  force  is  taken  the 
moment=H'?;,  v  being  the  vertical  dis- 
tance above  4  to  the  side  of  the  pressure 
line  between  forces  at  4  and  5,  produced. 

As  the  oblique  forces  are  inclined  in- 
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wards,  it  is  seen  that  if  we  measure  the 
distances  v  from  1,  2,  ...  to  the  pressure 
line  as  usual,  that  when  the  pressure  line 
is  above  the  neutral  line,  H'  must  be 
taken  as  the  horizontal  component  of  the 
resultant  acting  just  to  the  right  of  the 
force  acting  at  the  point  taken;  other- 
wise, when  the  pressure  line  is  below  the 
neutral  line,  H'  corresponds  to  the  re- 
sultant acting  just  to  the  left  of  the 
force. 

Thus  at  4,  use  the  ray  D34,  at  13,  the 
ray  (D13,  14),  in  evaluating  H',  v  being 
measured  vertically  from  4  and  13  to  the 
pressure  line.  As  usual,  v  is  +  when 
above  the  neutral  line,  —  below  it,  in 
finding  2My,  etc. 

96.  For  the  arch  hinged  at  the  ends, 
bat  continuous  at  the  crown,  we  have  the 
conditions  (E,  I  and  s  being  constant) 
that  the  span  is  invariable, 

.-.  2My=0 

The  moments  M  to  the  left  of  C  are  of 
the  type  H'v  H'  and  v  both  being  va- 
riable ;  to  the  right  of  C,  M=Hv,  v  alone 
being  variable,  H  representing  the  con- 
stant pole  distance  from  D'  to  force  line 
e'f. 

The  ordinates  y  are,  of  course,  meas- 
ured from  AB  to  the  neutral  line  of.  the 
rib;  and  in  the  summation,  v  will  be 
taken  as  plus  when  laid  off  above  the 
neutral  line,  minus  below  it,  since  the 
moments  M  have  different  signs  on  oppo- 
site sides  of  the  neutral  line. 

97.  It  is  seen  by  inspection  that  the 
pressure  curve  passing  through  A,  B  and 
C  must  be  raised  at  C  to  satisfy  the  eq. 
^My=0.  Hence,  a  trial  pressure  curve 
was  drawn,  passing  through  A  and  B  and 
a  point  about  -^  of  an  inch  above  C. 
Now  measure  to  some  scale  (40  was 
used)  the  values  of  H',  v  and  y  for  each 
point  1,  2,  .  .  .  ,  for  both  halves  of  the 
arch  and  compute  2My=2~K'vy.  It  is 
found  to  equal  in  this  case  —1000.  The 
curve  should  be  raised  slightly  at  the 
crown. 

Now  if  we  suppose  applied  at  A  a 
horizontal  force  Q',  and  at  B  an  equal 
force  Q',  opposed  to  the  other,  we  do  not 
disturb  equilibrium.  The  moment  M'  at 
any  point  of  the  rib  whose  ordinate  is  y, 
due  to  Q'  is  Q'y. 

Now,  if  for  an  assumed  thrust  Q,  we 
find  that  ^M/y  =  ^Qy=+1000,  it  fol- 
lows that  by  combining  Q'  with  the  re- 


actions previously  found  at  A  and  B  and 
drawing  a  new  pressure  curve,  that  we 
shall  then  find  the  resulting  ^M.y  —  0, 
since  the  moments  caused  by  the  result- 
ant reaction  must  equal  the  sum  of  the 
moments  caused  by  its  components.  To 
find  Q',  we  have  simply  to  compute 
J? (y2)  =  1500  in  this  case;  then  since 

Q'2y2  =  2My  (first  found.) 

it  follows  that  1500Q'=1000  .\  Q'=f> 

This  acts  outwards  in  this  case,  since 
the  curve  has  to  be  raised ;  hence  lay  off 
Qz=  J  from  D  in  the  direction  Dg  to  find 
the  true  pole  for  the  force  polygon  at 
the  left,  from  whence  the  new  position 
of  D'  is  found  as  before,  and  the  press- 
ure curve  drawn  as  usual. 

If  the  first  2My  had  been  positive, 
then  Q  would  act  as  a  thrust,  and  the 
pole  distance  would  be  increased. 

It  is  perceived  that  the  vertical  com- 
ponents of  the  reactions  remain  un- 
changed by  the  alteration  in  Q,  as  in 
fact  follows  from  the  preceding  formula 
for  computing  V,  in  which  no  term 
involving  Q  occurs. 

The  true  pressure  curve,  for  the  arch 
hinged  at  the  ends,  is  shown  by  the  full 
line  in  the  figure,  passing  through  A,  B 
and  a  point  nearly  ^  inch  above  C. 

It  is  seen  that  this  case  offers  no 
difficulty. 

98.  A  tentative  solution  has  been  given 
by  Wm.  Bell,  C.  E.  in  his  paper  on 
"Rigid  Arches,  &c,"  (see  Van  Nostrand's 
Magazine  for  May  1873),  where  *the 
reader  will  find  another  method  given  of 
finding  the  reactions  for  a  pressure 
curve  assumed  to  pass  through  three 
points;  also  the  graphical  computation 
of  the  wind  forces,  according  to  the  law 
of  "the  square  of  the  sines." 

In  drawing  the  pressure  curve  for  the 
arch  "  fixed  at  the  ends,"  Mr.  Bell-  has 
throughout  neglected  the  condition 
2:M.x—o,  which,  thus  far,  invalidates  his 
results.  The  reader  is  referred  to  his 
paper  for  the  case  of  the  "rigid  arch 
braced "  on  the  supposition  of  hinged 
joints ;  which,  even  for  straight  rafters, 
represents  the  true  pressures  and  mo- 
ments at  any  point  of  the  rafter  for  con- 
tinuous loading,  which  is  not  so  clearly 
seen  when,  as  is  usual,  the  loads  are  sup- 
posed concentrated  at  the  apices.  The 
writer  has  also  illustrated  this  point  in 
Science  Series  No.  12,  Fig.  17.     If  the 
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loads  are  supposed  concentrated  at  the 
apices,  the  longitudinal  strain  at  the 
middle  of  the  division  of  the  rafter  only 
is  the  same  as  that  found  from  the  con- 
sideration of  continuous  loading. 

The  bending  moment  there  is,  of 
course,  the  same,  whether  found  graphic- 
ally or  computed  for  an  inclined  beam 
supported  at  the  ends  and  continuously 
loaded. 

Even  for  the  case  of  curved  rafters, 
the  longitudinal  strains,  acting  in  the 
straight  line  joining  two  apices,  due 
to  the  supposition  of  the  loads  being 
concentrated  at  the  apices,  may  be  found 
by  the  simple   diagram  of  forces.     The 


total  strain  at  the  center  of  the  division 
of  the  rafter  is  then  due  to  this  strain, 
acting  with  its  leverage  to  the  neutral 
line,  and  the  moment  caused  by  the  con- 
tinuous loading  on  the  part  of  the  rafter 
considered  "  supported  at  the  ends." 

The  supposition  of  hinged  joints  is 
not  exactly  realized  for  curved  or  straight 
rafters,  however. 

99.  Arched  Roof  Trxiss^  fixed  at  the 
ends,  continuous  at  the  crown. 
\  The  strains  due  to  vertical  loads  may 
be  found  as  hitherto  illustrated  in  Fig.  6. 
An  exact  solution  of  the  strains  caused 
by  the  wind,  is  obtained  by  considering 
the  wind  force  acting  at  each  point  sejia- 


rately.  The  case  then  becomes  identical 
with  that  of  an  unsymmetrical  arch  acted 
on  by  a  single  vertical  load,  the  arch 
being  supposed  tilted  up  at  one  end 
until  the  wind  force,  at  the  point  taken, 
is  vertical.  The  ordinates  y  must  now 
be  drawn  parallel  to  the  direction  of  the 
wind  force  (some  of  them  may  pass  out- 
side the  arch),  to  the  line  joining  the 
ends  of  the  arch,  which  is  taken  as  the 
axis  of  x. 

The  conditions,  2^1— o,  ^~Mx=o, 
2My=o,  must  be  fulfilled,  as  is  readily 
shown  by  the  reasoning  of  arts.  12,  et 
seq.;  the  first  condition  indicating  that 
the  tangents  at  the  ends  are  fixed  in  po- 
sition, the  second  and  third,  that  the  dis- 
placements of  one  end,  relatively  to  the 


other,  in  directions  perpendicular  to  x 
and  y  respectively,  are  zero. 

The  construction  is  now  proceeded 
with  as  shown  by  Fig.  6,  except  that  the 
closing  line  kft„  of  the  arch  is  no  longer 
parallel  to  the  axis  of  x,  but  must  be  de- 
termined precisely  as  shown  for  curve  p. 

100.  The  general  demonstration  of 
art.  34  is  especially  useful  here  in  indi- 
cating precisely  the  steps  to  take,  as 
some  of  the  ordinates,  passing  outside  of 
the  arch,  appear  to  produce  abnormal  fea- 
tures. 

Now  it  will  doubtless  be  considered 
too  tedious  in  practice  to  consider  each 
wind  force  separately,  hence  a  method 
that  will  give  the  strains  due  to  wind 
force  and  vertical  loading  both,  at  one 
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operation,  is  especially  desirable  in  a  prac- 
tical point  of  view.  There  are  consider- 
able difficulties  in  the  way  of  an  exact  so- 
lution ;  but  it  is  believed  that  the  meth- 
od given  below,  which  leads  by  one  or 
two  approximations  to  a  result  very  near 
the  truth,  is  sufficient  for  the  needs  of 
the  practitioner,  especially  in  view  of  the 
fact  that  the  theoretical  conditions  are 
not  often  realized  in  putting  the  struc- 
ture together. 

These  conditions  are — that  the  parts  of 
the  arch  fit  perfectly  when  under  no 
strain,  the  fitting  being  tested  by  put- 
ting the  parts  together  so  that  the  arch 
lies  horizontally,  or  on  its  side. 

Again,  the  abutments  should  be  con- 
nected with  the  arch  by  bolts;  and  should 
be  so  heavy  that  the  bending  moments 
at  the  feet  of  the  arch  will  cause  no  ap- 
preciable rocking  in  them. 

It  is  likewise  a  known  fact  that  the 
wind  pressure  is  greater  as  we  ascend, 
especially  if  there  are  obstructions  to  its 
course  near  the  base  of  the  structure. 
Mr.  Bell,  in  his  attempted  analysis  of  the 
roof  of  St.  Pancras  Station,  has  neglect- 
ed the  wind  force  near  the  abutments ; 
possibly  from  the  cause  mentioned, 
though  mainly,  I  presume,  in  conse- 
quence of  the  increase  of  section  towards 
the  abutments  due  to  vertical  walls,  with 
a  sort  of  spandrel  filling  between  them 
and  the  arch  proper,  as  well  as  the  intro- 
duction of  doors  and  windows  in  the 
part  considered. 

By  neglecting  the  wind  force  on  the 
lower  part  of  the  arch  in  the  construc- 
tion below,  we  are  led  to  a  more  rapid 
approximation  to  the  true  pressure 
curve,  so  that  it  is  in  the  line  of  simplicity. 

101.  Let  us  take  A  (Fig.  16,  on  page 
453)  as  the  origin  of  co-ordinates,  x 
horizontal,  y  vertical.  The  true  pressure 
curve  for  the  arch  fixed  at  the  ends  must 
then  satisfy  the  conditions, 

IM=o,  IMx=o,  ZMy=o. 

These  conditions  may  also  be  written 
(art.  95), 

lXH.'v)  =  o,Z(H.frx)  =  o,  I(HVy)=a 

Now  let  us  draw  a  trial  pressure  curve 
as  near  the  true  one  as  possibly  can  be  es- 
timated. There  is  no  guide  from  previous 
examples,  as  this  case  has  never  been  cor- 
rectly solved  hitherto,  but  we  may  infer 
from  the  preceding  equations,  that  the 


true  pressure  curve  must  cross  the  cen- 
ter line  several  times,  and,  moreover, 
must  depart  from  it  more  on  the  left 
(H'  being  less)  than  on  the  right  half  of 
the  arch. 

The  first  trial  curve  was  drawn  through 
e,  e'  and  a  point  slightly  below  the 
crown,  as  shown  by  the  dotted  line  (on 
divisions  7  to  12  the  curve  coincides 
with  the  neutral  line  of  the  arch),  the 
poles  being  O  and  O'.  Call  the  constant 
pole  distance  for  the  right  half  of  the 
arch  H,  the  horizontal  component  of  the 
resultant  at  any  point  of  division  on  the 
left  half  of  the  arch  H',  and  the  ratio  of 
H'  to  H,  e. 

If  we  denote  the  vertical  ordinates 
from  AB  to  the  arch  and  trial  pressure 
curve,  by  y  and  y'  respectively,  we  have 
at  a  point  on  the  left  of  the  center, 

M=HV=H%'-  y) 

It  is  sufficiently  near  to  measure  y'  to 
the  equilibrium  polygon  simply  (and  not 
to  certain  resultants  produced  as  ex- 
plained in  art.  95)  for  the  first  construc- 
tion. 

102.  The  first  two  conditions  above 
become, 

z6{y'-y)=o, 

Z0(y'-y)x-o; 

the  summation  being  extended  over  the 
entire  arch,  6  being,  of  course,  unity  for 
the  right  half  of  the  arch. 

Next  diminish  the  ordinates  y  and  y' 
at  each  point  of  division  on  the  left  of 
the  arch  to  6y  and  6y',  using  the  value 
of  6  corresponding  to  the  point,  and  lay 
off  the  altered  curves  as .  shown  in  Fig. 
17,  the  right  half  of  the  arch,  &c,  being 
the  same  as  before.  The  values  of  H' 
are  readily  found  by  measuring,  to  scale, 
the  horizontal  distances  from  the  points 
of  division  of  the  force  line  to  a  vertical 
drawn  through  O.  The  altered  lengths 
may  be  easily  found  by  a  slide  rule  or  by 
the  usual  ratio  lines. 

103.  Let  us  denote  the  ordinates  from 
a  straight  line  kfa  (Fig.  17)  to  the  alter- 
ed curve  of  the  neutral  line  by  a,  and 
draw  kjc^  so  that  Za=o,  Zax=o.  The 
construction  is  similar  to  that  used  in 
finding  the  closing  line  mm'  of  polygon 
p  in  Fig.  6. 

If  we  denote  the  ordinates  from  ktk2 
to  the  pressure  curve  by  c,  the  above 
equations  become, 
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Therefore,    calling   the   ordinates 
a   straight  line  mlmi  to   pressure 


2(6y'  -6y)x=2(c-a)x=o 

Now  since  la  —  o,  Zax=o,  it  follows  that 
when  the  pressure  curve  is  adjusted  to 
its  right  position  that  ~c  =  o,  2cx=o 
also, 
from 

curve,  c',  mxm%  being  so  drawn  as  to 
satisfy  the  conditions  2£c  =  o,  -c'x=o,  we 
now  conceive  mm,  placed  over  A\  k9  and 
the  ordinates  c'  laid  off  above  and  below 
kjc^  to  the  true  position  of  a  pressure 
curve  c,  whose  ordinates  now  satisfy  the 
conditions  -\c— a)  =  o,  Z(c—a)x=o. 

104.  We  have  now  introduced  one 
approximation,  viz:  that  the  ordinates 
of     an     equilibrium     polygon,    due    to 


oblique  forces  in  part,  are  unchanged  in 
length  by  the  particular  position  of  the 
pole,  so  that  it  lies  in  the  same  vertical. 
This  would  be  correct  if  the  vertical 
reactions  at  the  abutments  of  a  supposed 
girder,  acted  on  by  the  same  external 
forces,  were  always  found  in  the  same 
vertical,  since  the  bending  moment  at 
any  point  is  then  constant  and  equal  to 
H'y",  y"  being  the  ordinate  from  the 
closing  line  to  the  curve.  It  is  evident 
that  since  H'  is  constant,  that  y"  must 
also  remain  the  same  for  any  pressure 
curve  drawn  with  the  same  pole  dis- 
tances. 

In  this  case,  however,  the  point  e  will 
move  along  the  inclined  force  at  32 
(Fig.   16),  as  the  pole  o  is  moved  up  or 


Fig.  17. 


down  vertically,  so  that  the  vertical  com- 
ponent of  the  reaction  will  not  remain  in 
the  same  vertical,  therefore  the  moment 
is  not  constant.  Still  the  result  will  not 
vary  much  from  the  truth,  and  would  be 
exact,  so  far,  if  the  wind  forces  near  A 
were  discarded. 

105.  We  come  now  to  the  third  condi- 
tion, IMy=o 

•'•  Z0(y'-y)y=o=l(dy'-6y)y  =  o 

•*•  Z(c-a)y=o, 
or  lcy=lay, 

c  representing  the  ordinates  from  mx  m2 
to  dotted  curve  Fig.  17,  a  the  ordinates 
from  7cxk^  to  curve  a  Fig.  17. 

Find  ley  and  lay  as  in  Fig.  7.     This 
construction  is  readily  made  on  Fig.  17, 


by  drawing  horizontals  through  the  tops 
of  the  ordinates  y  for  both  halves  of  the 
arch,  laying  off  the  ordinates  c  and  a  as 
forces  on  a  horizontal,  and  proceeding  ex- 
actly as  in  Fig.  7.  If  the  above  equality 
does  not  hold,  change  the  lengths  c  in 
the  ratio  of  ley  to  lay  to  cause  the 
equality,  and  lay  off  tne  new  values  of  c 
above  or  below  kxkt  (the  ultimate  posi- 
tion of  mxm^)  at  several  points.  The 
curve  so  drawn  crosses  curve  a  at  points 
corresponding  to  those  marked  12  and 
26  in  Fig.  16,  c'  being  a  third  point  in 
the  proposed  pressure  curve,  which  may 
now  be  drawn  through  c'  12,  and  26  of 
Fig.  16,  as  shown  by  the  dotted  line 
passing  a  little  above  A  and  the  crown 
of  the  arch,  and  through  the  three  points 
mentioned.    This  curve  is  described  with 
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the  poles  D  and  D'.  and  is  evidently  very 
near  the  true  one,  since  the  pole  distances 
have  been  but  slightly  changed.  If, 
starting  with  this  curve,  with  the  new 
values  of  H',  &c,  we  repeat  the  preced- 
ing construction,  it  is  plain  that  the 
resulting  pressure  curve  will  be  still 
nearer  the  exact  one,  and  will  probably 
differ  from  it  by  an  inappreciable 
amount,  practically  considered.  On  this 
small  scale  it  is  of  course  useless  to  make 
the  second  construction.  The  result  is 
readily  tested  from  the  given  conditions. 

The'  first  construction  would  be  the 
correct  one  if  the  ordinates  c  could  all  be 
changed  in  the  same  ratio  due  to  a 
change  of  pole  distance  (as  for  vertical 
forces),  but  this  not  being  exactly  true 
for  the  left  half  of  the  arch,  a  change  in 
pole  distance  altering  the  ratios  6  like- 
wise, so  that  the  positions  of  kjc^  and 
m1ini  would  not  remain  the  same,  it  is 
evident  that  the  true  pressure  curve  is 
not  exactly  found.  The  smaller  the 
wind  forces,  compared  with  the  vertical 
loads,  the  nearer  the  first  approximation 
to  the  truth.  It  would  seem  that 
the  best  result  is  obtained,  by  passing 
the  final  pressure  curve  through  the 
points  of  intersection  (12  and  26)  of 
curve  c  with  a  Fig.  17,  m,  m2  coinciding 
with  JcJCtf  as  was  done  in  this  case. 

106.  The  position  D  of  the  pole  may 
be  found  very  readily  in  a  tentative  way 
thus :  let  it  be  required  to  pass  a  curve 
of  pressures  through  c',  26  and  the  point 
over  the  crown  shown  by  the  upper 
dotted  line.      By   producing   the   sides 

16-17  and  26-27  of  any  pressure  curve  to 
intersection  b  Fig.  16,  and  drawing  a 
line  parallel  to  the  resultant  of  the  forces 
from  the  crown  to  26,  as  obtained  from 
the  force  line  on  the  left,  we  have  this 
resultant,  which  pases  through  b,  deter- 
mined in  position  and  direction. 

Now  draw  some  line  dd',  supposed  to 
have  about  the  position  of  the  side  of 
the  equilibrium  polygon  at  the  crown,  to 
intersection  d  and  d'  with  the  resultant 
just  drawn  and  the  resultant  of  the  loads 
to  the  right  of  the  crown.  Then  through 
the  lowest  point  of  the  force  line  on  the 
right  draw  e'D^c'd',  on  the  left  draw  ray 
26^27  ||  3T3. 

Now  from  the  tops  of  each  force  line 
draw  lines  parallel  to  dd.'  If  these  lines 
intersect  the  rays  previously  drawn,  in 


points  T>  and  D',  the  distances  cut  off 
being  the  same,  then  the  line  dd'  was 
correctly  located.  Two  or  three  trials 
generally  suffice  to  establish  the  poles 
correctly.  To  pass  the  curve  through  12 
26  and  c',  we  find  the  resultants  either 
side  of  12  and  proceed  as  before.  It 
will  be  found  best,  in  this  case,  to  lay  off 
the  forces  on  one  force  polygon,  in  place 
of  two  as  hitherto.  It  may  be  observed, 
however,  that  in  a  large  drawing,  especi- 
ally, it  is  a  great  convenience  to  have  the 
force  polygons,  as  in  the  figure,  directly 
over  the  part  of  the  arch  to  which  they 
apply. 

107.  The  method  of  drawing  the 
pressure  curve  detailed  above  possesses 
the  merit  of  simplicity,  but  it  is  not  so 
accurate  as  the  one  given  in  "Voussoir 
Arches,"  art.  67,  since  any  error  made — 
and  some  error  is  incident  to  any  con- 
struction— is  carried  on,  which  is  not  the 
case  in  the  following  method. 

At  each  point  1,  2, ...  ,  32,  resolve  the 
load  into  vertical  and  horizontal  compon- 
ents; find  the  moments  about  the  crown 
of  each  component.  Now  if  we  consider 
any  number  of  consecutive  loads  from 
the  orown  towards  either  abutment,  we 
have  only  to  divide  the  sum  of  the 
moments  of  the  vertical  components  by 
the  sum  of  those  components  to  find  the 
distance  to  the  resultant  of  the  vertical 
components  from  the  crown,  which  lay 
off.  Similarly  find  and  lay  off  the  ver- 
tical distance  below  the  crown  of  the 
horizontal  components.  Now  on  draw- 
ing a  vertical  through  the  first  point 
found  and  a  horizontal  through  the 
second,  their  intersection  gives  a  point 
in  the  resultant  of  all  the  loads  acting 
on  the  part  considered,  which  can  now 
be  drawn  in  position  parallel  to  the 
proper  direction  taken  from  the  force 
diagram. 

T'hus  we  may  find  the  resultant  of  all 
the  forces  acting  from  the  crown  to  26 
inclusive,  as  shown  by  the  arrow  passing 
through  b. 

If  the  direction  of  the  thrust  dd'  act- 
ing at  the  crown  is  given,  as  well  as  its 
position  from  its  intersection  d  with  the 
resultant  just  found,  we  have  simply  to 
draw  a  line  ||ray  D  26,  27,  to  find  the  cen- 
ter of  pressure  at  26,  or  more  accurately 
speaking,  about  midway  between  26  and 
27.     The  same  method  applies  to  each 
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division  in  turn.     On   the  rig-ht  half  of 

the  arch  the  construction  is  simpli- 
fied, since  here  we  only  have  vertical 
forces. 

If  this  method  is  not  pursued,  then 
the  positions  of  P,,  P.,,  etc.  (Fig  15), 
should  be  found  by  at  least  two  inde- 
pendent constructions,  whence  the  true 
positions  of  the  centers  of  pressure  at 
the  abutments  may  be  at  once  found, 
from  an  assumed  thrust  at  the  crowrj, 
thus  affording  a  check  upon  subsequent 
constructions. 

108.  It  is  evident  from  the  considera- 
tions of  art.  35  et  seq.  that  the  pressure 
curve  of  an  underground  voussoir  arch  is 
identical  with  that  for  the  solid  arch, 
when  no  joints  tend  to  open  and  the 
mortar  is  thin  and  hard.  Since  in  this 
case  there  are  horizontal  forces  on  both 
sides  of  the  arch,  the  pressure  curve  will 
depart  from  the  center  line  about  the 
same  distance  on  either  side  of  it  at  the 
points  of  maximum  departure. 

109.  When  EI  is  not  constant  for  the 
entire  arch,  the  term  6  may  be  taken  to 


H' 


represent  ^tj  (see   art"  41)'   wlien  tue 

construction  will  proceed  as  before,  the 
proper  values  of  6  being  computed  for 
each  point  of  division  of  the  arch. 

The  strains  due  to  change  of  span, 
temperature,  etc.,  are  readily  and  correct- 
ly coinput  ed  as  hitherto  explained.  It  is 
evident,  therefore,  that  if  the  arched  roof 
truss  is  built  in  accordance  with  the  hypo- 
theses, that  the  strains,  due  to  whatever 
causes,  may  all  be  found. 

110.  It  is  seen  from  the  foregoing  how 
well  adapted  the  graphical  method  is  to 
the  investigation  of  the  strength  and 
stability  of  every  form  of  arch — many 
forms  being  almost  intractable  by  ordi- 
nary analysis — presenting  likewise  the 
great  advantage  of  keeping  prominently 
before  the  worker  the  very  hypotheses 
upon  which  the  theory  is  built. 

If  the  writer  has  added  materially  to 
the  knowledge  on  the  subject  of  the 
"Solid  or  Braced  Elastic  Arch,"  or  has 
aided  the  student  in  its  comprehension,  he 
feels  amply  repaid  for  the  time  spent  in 
developing  the  foregoing  theory. 
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At  a  time  like  the  present,  when  eco- 
nomy in  every  department  of  mechanics 
and  manufacture  is  eagerly  sought  after, 
it  is  somewhat  strange  that  no  efforts 
should  be  made  to  utilize,  on  a  large 
scale,  the  dynamical  energy  of  steam. 
This  is,  perhaps,  owing  to  the  fact  that 
the  form  of  dynamical  energy  in  steam  is 
not  much  known  or  recognized  beyond 
its  limited  application  to  injectors  and 
ejectors.  The  work  to  be  obtained  from 
steam,  whether  used  statically  or  dyna- 
mically, may  be  compared,  theoretically, 
very  considerably  to  the  disadvantage 
of  the  former  method.  The  statical  use 
of  steam  is  the  system  at  present  repre- 
sented by  a  reciprocating  piston  in  a 
cylinder,  where  the  expansive  press- 
ure of  the  steam  is  alone  used,  the 
velocity  of  admission  to  the  cylinder 
being  rendered  purposely  as  moderate 
as  possible.  The  condition  of  dynamical 
energy  would  be  that  of  an  escaping  jet. 
It  may  be  thought,  at  a  first  glance,  that 
an  escaping  jet  of   steam  represents  no 


useful  condition  for  work ;  but  this  idea 
is  evidently  a  fallacy,  as  this  form  of 
energy  is  very  advantageously  made  use 
of  in  the  injector  or  ejector  pump.  In 
this  class  of  instrument  there  cannot 
possibly  exist  any  form  of  statical  energy, 
as  they  are  invariably  constructed  with 
an  overflow  orifice  open  to  the  atmos- 
phere. The  condition  of  work  here  is 
evidently  a  certain  weight  of  steam  per 
minute  rushing  into  the  atmosphere,  or 
even  into  partial  vacuo,  with  a  great 
velocity,  and  thus  inducing  or  drawing 
to  itself  a  much  heavier  weight  of  water, 
which,  mingling  with  the  steam,  acquires 
a  portion  of  its  velocity  in  inverse  ratios 
to  their  respective  weights,  and  at  the 
same  time  producing  a  partial  vacuum 
which  tends  to  accelerate  the  issuing  jet 
of  steam.  The  resulting  volume  of  water 
and  steam  has  thereby  acquired  a  mo- 
mentum which  is  sufficient  to  overcome 
the  statical  resistance  of  the  check  valve 
and  the  boiler  pressure  behind  it. 

This  condition  of  matters  is  highly  in- 
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structive  from  the  point  of  view  that  it 
is  thus  demonstrated  to  be  possible,  that 
steam  generated  under  statical  pressure, 
may,  by  combination  with  a  volume  of 
water  much  heavier  than  itself,  be  ren- 
dered capable  of  overcoming  its  own 
statical  resistance.  It  is  also  a  self  evi- 
dent axiom,  that  the  total  momentum 
of  the  effective  column  of  water  and 
steam  will  remain  the  same  as  that  of  the 
original  escaping  jet  of  steam,  less  loss 
by  friction.  The  conclusion  is,  therefore, 
perfectly  logical  that  the  total  dynamical 
energy  of  the  escaping  jet  of  steam  was 
perfectly  capable  of  overcoming  the 
original  statical  pressure  of  its  genera- 
tion. This  is  a  curious  point  for  further 
investigation.  It  is  not  difficult  to  make 
an  arithmetical  comparison  between  the 
dynamical  energy  of  a  given  weight  of 
steam  and  the  known  work  usually  ob- 
tained from  it,  by  the  ordinary  method 
of  working  in  the  cylinder  of  a  steam 
engine.  First,  the  velocity  of  an  es- 
caping jet  of  steam  into  vacuo  may  be 
calculated  in  the  same  manner  as  that  of 
an  escaping  jet  of  water,  and  from  the 
formula  v  =  V2gh,  where  "«"  is  the 
velocity  in  feet  per  second,  " g"  is  "grav- 
ity," and  "A"  is  the  imaginary  head  in 
feet  of  the  fluid  in  question,  of  incom- 
pressible density,  that  would  suffice  to 
produce  the  given  pressure  of  investiga- 
tion per  square  inch  on  the  orifice.  As 
steam  at  atmospheric  pressure  is  about 
1700  times  lighter  than  water,  "  h  "  would 
represent  a  value  of  about  59,000  for 
each  atmosphere  of  pressure.  For  four  at- 
mospheres of  pressures ="2  X  32  X  236,000 
=15,104,000,  and  the  whole  actual  energy 
of  the  steam  may  be  represented  by  its 

Wva 

vis  viva  =  -= — =236,000  foot-lbs.  per  lb. 

of  steam.  But  it  is  well-known  from 
practice  that  about  23  lbs.  of  steam  are 
required  per  hour  to  indicate  one  horse- 
power per  minute  in  the  best  class  of 
engines=33,000x  60  =  1,980,000  foot-lbs. 
per  hour = about  86,000  foot-lbs.  per 
lb.  of  steam,  or  rather  more  than  J  of 
the  above  expressed  dynamical  energy. 

The  effective  value  of  the  dynamic 
power  of  steam  having  thus  been  fully 
shown,  it  only  remains  for  the  practical 
engineer  to  devise,  if  possible,  a  feasible 
method  for  its  utilization.  We  have  pre- 
viously observed  that  it  is  already  used 


for  the  injection  or  ejection  of  liquids, 
where  the  principle  is  made  use  of,  that 
steam  of  exceedingly  light  weight,  but  very 
high  velocity,  may  be  made  to  set  in 
motion  a  much  greater  weight  at  a  re- 
duced velocity,  so  that  the  resulting  mo- 
mentum remains  the  same.  So  far  the 
principle  of  dynamic  force  has  been  fully 
utilized,  but  we  have  stopped  its  appli- 
cation at  that  point,  and  have  hot  been 
able  as  yet  to  apply  such  a  motive  power 
to  produce  constant  rotation,  which  is 
the  special  development  of  force  most 
generally  required  for  industrial  pur- 
poses. We  have  heard  a  rumor  lately  of 
a  French  invention  which  proposes  to 
effect  this  development  in  the  sense  of 
producing  a  constant  motion  from  a 
dynamic  development  of  the  elastic  force 
of  steam.  For  motive  purposes  this 
utilization  can  only  be  in  the  form  of  a 
moving  column  of  water,  which  by  its 
greater  weight  and  reduced  speed  may 
be  possibly  converted  into  an  active  and 
constant  power-producer.  From  our 
view  of  the  subject,  however,  it  will  be 
difficult  to  construct  any  mechanical  ap 
pliance  to  utilize  such  a  moving  stream, 
which  shall  not  at  the  same  time  waste 
so  much  by  leakage  and  friction  as  to 
spoil  its  economical  effect.  In  seeking 
such  a  mechanical  utilization  of  dynami- 
cal power,  we  should  approach  very 
closely  again  the  forms  of  continuous 
rotary  engine  which  have  so  long  been 
unattainable  in  an  economical  form. 

We  believe,  however,  that  in  this  class 
of  motor  it  has  never  been  attempted  to 
utilize  a  moving  fluid  denser  than  steam,  . 
such  as  water,  and  which  latter,  we  would 
observe,  may  be  just  as  easily  set  in 
rapid  motion  as  steam  itself.  Now,  the 
utilization  of  a  rapidly-moving  stream  of 
water  is  not  such  a  difficult  problem.  It 
is  already  done  every  day  with  an  ad- 
vantage of  75  per  cent,  effective  out  of 
the  moving  power.  If,  therefore,  our 
calculations  be  correct,  as  to  the  dynamic 
force  of  an  issuing  stream  of  steam,  and 
if  this  jet  of  steam,  at  an  enormous 
velocity,  can  be  converted  by  an  amalga- 
mation into  an  immensely  heavier  and 
slower  stream  of  water,  we  may  assume, 
even  on  this  basis,  an  effective  utilization 
of  the  power  of  steam,  some  two  and  a 
quarter  times  greater  than  by  the  statical 
method  at  present  in  use. 
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A  KINEMATIC  DISCUSSION  OF  THE  DIFFERENT  FORMS  OF  ARTICULATED 
LINKS  WITH  ESPECIAL  REFERENCE  TO  PEAUCELLIER'S  CELL. 

By  J.  D.  C.  DE  ROOS. 
Translated  from  "Revue  Universelle  des  Mines"  for  Van  Nobtrand's  Magazine. 

V. 


In  seeking  for  the  inverse  value  of  z 
or  0"E  by  the  reciprocater  DD'(Fig.  42) 
we  obtain  for  the  equation  of  the  curve 
described  by  F : 


f12 

°"F=-=  -7 v 

z       p{w  +  q) 


q      Ca 


COS(£>± 
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But  the  ellipse  and  the  hyperbola  of 
which  the  axes  were  a  and  b  have  an 
equation  of  the  same  form,  supposing 
that  the  origin  is  situated  upon  the  pro- 
longation of  the  principal  axis  at  a  dis- 
tance 0"G=v  —  a  (Fig.  42)  beyond  the 
vertex,  or  at  a  distance  v  from  the  center. 


In  effect,  in  this  case,  the  general  equa- 
tion becomes: 
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z  = 
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v  —  a 


-acos<p  + 
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a9[bt±(v9-at)'] 


The  positive  sign  of  the  radical  re- 
lates to  the  ellipse,  and  the  negative  sign 
to  the  hyperbola,  while  the  parabola 
whose  parameter  is  b,  and  whose  vertex 
is  situated  at  a  distance  0"G=z/  from 
the  origin  O"  has  for  an  equation, 
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4u2      Uv" 
It  follows  that  the  point  F  describes 


Fig.  42. 
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a  conic  section  FB  and  that  consequent- 
ly the  system  of  links  devised  by  Roberts 
is  a  conicograph  having  three  fixed 
points. 

By  equating  the  co-enicients,  we  find 
for  the  ellipse  and  the  hyperbola 


(w  +  q)  p_      v  (q—w) 

q~v*  —  a'v 


a 


C2 


C2 


v  —  a 


for  the  parabola 


and 


2v~     C*q     '  2v~   C2 
l  +  &v       {q—wY  p*_ 

The  first  case  gives  rise  to  three  equa- 
tions with  four  unknown  quantities  a,b,v< 
and  C,  of  which  one  must  consequently 
be  chosen  arbitrarily. 

In  supposing  v  known  the  axes  are : 

p(w  +  q) 
and 

Zb-Aqv^  +  y-^  , 

and  the  power 

C3_^(g  +  ^)[^2(g  +  ^)a-ga(g-^)'2]. 
pq(q  +  ic)2 

Fig.  43. 


If,  on  the  contrary,  the  power  is  given, 
we  have 

2(q-w)q*C2 


2a-. 


2b= 


p2(q  +  w2)—q\q—w)  ' 
2q2C* 


2T  ? 


and  the  distance  0"Gc  +  a  from  the 
origin  at  the  center  of  the  ellipse  or 
hyperbola  is 

v_-        pq(w  +  g)C2         m 
p^q  +  wy—q^q—w)2' 

the  positive  sign  belongs  to  the  ellipse, 
and  the  negative  to  the  hyperbola. 
In  the  second  case  we  have 

_  q(q-p) 


w 


p  +  q 


V=^%P  ^  °  ~^-^f 


or  the  parameter 


p(p-qY 

In  figure  42,  p=6  and  q=d  centi- 
meter, while  v  = 2  centimeters,  which 
renders  w  negative  and  =—1  centi- 
meter, and  gives  for  the  parameter  a 
length  of  2 J  centimeters;  in  which  case 
C2=16. 

Then  it  results  from  the  values  of  v 


that  in  the  conicograph  of  Roberts,  the 
origin  O"  can  never  be  either  at  the 
vertex  or  center  of  the  curve. 

Nevertheless  this  conicograph  is  to  be 
preferred  to  the  four  preceding  ones, 
especially  because  of  the  small  number 
of  links  required,  and  which  may  even 
be  still  further  reduced  to  seven. 


The  same  simplification  which  was 
applied  to  the  pantograph  of  six  bars, 
Fig.  7,  to  produce  the  pantograph  of 
four  (Fig.  8)  can  equally  be  applied  to 
the  reciprocator,  although  not  in  so 
ready  a  manner. 

Through  the  point  C  of  the  positive 
cell  AA'  (Fig.  43)  draw  a  right  line  CE 
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parallel  to  OA,  and  from  the  point  O  a 
line  OE  parallel  to  AC;  then  prolonging 
EC  and  EO  so  that  EG  =  2EC,  and 
ED=20E,  we  shall  have  the  points  D,  A 
and  G  in  the  same  right  line,  (just  as  in 
the  pantograph  Fig.  8  the  points  O,  E' 
and  B  fell),  and  also  AD=AG. 

From  the  point  D  draw  the  right  line 
DF  passing  through  B,  and  make 
DF=2DB;  since  DO  is  equal  and  par- 
allel to  BA',  DB  must  be  equal  to  OA'; 
that  is  to  say,  it  preserves  an  invariable 
length. 

The  same  may  be  said  of  CE  and  OE, 
so  that  CA',  A'B  and  A'O  can,  without 


modifying  the  movement  of  B,  be  re- 
placed by  the  links  CE,  ED  and  OD. 

On  the  other  hand  the  triangle  DBA 
is  similar  to  the  triangle  DFG,  and  con- 
sequently FG=2AB;  also  of  invariable 
length,  so  that  the  three  remaining  bars 
of  the  losenge  OA,  AB  and  AC  can  be 
suppressed  by  uniting  F  to  G. 

This  leads  us  to  the  combination 
shown  in  figure  44,  having  three  fixed 
points  O,  B  and  C  situated  on  a  right 
line  parallel  to  the  diagonals  DG  and 
EF,  while  the  four  links  are  in  pairs  of 
equal  length. 

The   relation   between   the   arms   OB 


and   OC  is   deduced   immediately  from 
Figs.  43  and  44  which  give : 

OB.  OC=OA'2-AC2=BF2-D03 


=lt 


^(DF2-DE2) 

while  for  the  arbitrary  arms  O'B'  and 
O'C  we  have  because 


DO' 
and 

EO' 

therefore 


iDE 


iDE 


O'B'.  OC'=40B.OC. 


;  O'B'  :  OB 
;  O'C  :  OC 

DO'.  EO' 


DE2 
DO'.  EO' 
DE2 


(DF8-DE3) 


It  was  Hart  who  first  noticed  this 
property,  and  gave  a  direct  demonstra- 
tion of  it. 

We  may  then,  in  the  preceding  con- 
tractions, replace  the  reciprocator  of 
Peaucellier  by  that  of  Hart,  which  we 
will  describe,  and  which  affords  the 
transformation  from  alternating  circular 
to  alternating  rectilinear  motion,  by 
means  of  five  links  instead  of  seven. 


There  is,  however,  no  great  practical 
utility  in  this  property,  for  if  the  number 
of  links  is  diminished  by  two,  the  num- 
ber of  independent  attached  points  is 
increased  by  two  whenever  the  appar- 
atus is  employed  in  combination  with 
others. 

Moreover,  any  point  situated  on  ED 
or  fixed  to  ED  as  is  O'  in  Fig,  44, 
describes  relatively  to  FG  (or  EG)  an 
inverse  conic  section,  so  that  this  ele- 
ment, like  that  of  Roberts,  can  serve  as 
a  conicograph. 

The  particular  movement  of  this  sys- 
tem (or  if  preferred  of  the  two  elements 
of  Hart)  can  easily  be  derived  from  the 
elements  of  Roberts.  We  find  that  in 
the  element  of  Hart,  the  motion  depend- 
ing upon  the  crossing  or  non-crossing  of 
the  sides  of  the  isosceles  trapezeum,  is 
like  that  of  the  Roberts  element  under 
the  conditions  of  q>p  or  q<p  re- 
spectively. 

In  this  case,  however,  the  polar  lines 
of  the  curve  O'  are  no  longer  ovals  of 
Descartes,  but  equal  ellipses,  whose 
major  axes  coincide   with  ED  and  FG 
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Fig.  45. 


and  are  equal  to  DF  and  EG,  while  the 
foci  are  at  D  and  E  for  one  and  at  F  and 
G  for  the  other.  Or,  again,  the  two 
polar  curves  may  be  two  equal  hyper- 
bolas of  which  the  larger  axes  DP  and 
EG  coincide,  and  of  which  the  foci  are  at 
D  and  F,  or  at  E  and  G. 

To  these  examples  might  be  added  a 
great  many  others,  but  we  believe  these 
to  be  sufficient  to  prove  the  great 
practical  utility  of  the  different  systems 
of  articulated  linkages. 

Until  recently  the  number  of  curves 
that  could  be  traced  mechanically  was 
quite  limited;  among  the  conic  sections 
the  ellipse  alone  was  described  by  the 
elliptical  compass,  and  by  the  apparatus 
of  Leonardo  da  Vinci;  leaving  out  the 
trace  obtained  by  the  tense  thread. 

The  two  methods  referred  to  are 
based  on  the  property — that  all  points  of 
a  straight  line  of  determinate  length 
describe  ellipses  when  the  extremities 
of  the  line  are  made  to  slide  along  the 
lines  bounding  a  right  angle.  These 
devices  have  been  extensively  used  in 
practical  draughting,  and  have  been 
regarded  as  indispensable. 

Da  Yinci's  apparatus  is  described  in 


many  works;  among  others  in  Hart- 
mann's  Metalldreherei ;  in  Thon's  Dreh- 
kunst,  and  in  the  more  recent  work  on 
Kinematics  by  Reuleaux. 

The  oval  obtained  by  the  universal 
lathe  of  Kochand  Muller,  in  which  the 
friction,  and  consequently  the  wear,  is 
much  less  than  in  Da  Vinci's  apparatus,, 
is  not  quite  symmetrical,  and  is  therefore 
not  an  ellipse. 

The  linkages  for  describing  the  other 
conic  sections  will  find,  without  doubt, 
applications  as  extensive  as  those  above 
stated.  The  parabola,  for  example,  is 
the  proper  form  for  a  reflector,  and  for 
the  outline  of  solids  of  equal  resistance 
throughout.  Furthermore,  the  parabola 
may,  from  au  aesthetic  point  of  view,. 
profitably  replace  the  arc  of  the  circle  in 
our  machines  and  other  constructions,  as 
is  urged  by  Reuleaux. 

The  systems  of  linkages  are,  in  our 
opinion,  of  great  value,  both  from  the 
theoretical  and  practical  point  of  view. 

The  following  memoirs  have  already 
appeared  upon  this  subject:  Des  sys- 
temes  articules  simple  et  multiples? 
et  de  leur  applications,  by  Saint  Loup, 
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and,  Sur  les  systemes  de  tiges  articules, 
by  Liguine. 

We  may  remark  here  that  Liguine, 
who  departs  from  the  plan  of  the  system 
of  Fig.  9,  urges  that  it  is  not  indispens- 
able, that  the  bars  should  be  in  pairs  of 
equal  length,  in  order  that  the  points  O, 
B  and  C  remain  in  a  right  line.  He  says 
that  it  will  suffice  if  the  diagonals  AA' 
and  II'  are  perpendiculars  upon  OC(Fig. 
50);  which  is  an  immediate  consequence 
of  the  fact  that  the  formulas  contain,  not 
the  absolute  values  of  the  sides,  but  the 
difference  of  their  squares,  as  has  been 
already  mentioned. 


But  this  restriction  of  Liguine  is  too 
particular,  since  in  any  quadrilateral 
OBCD  (Fig.  46),  whose  diagonals  may 
intersect  at  any  angle,  a  point  A  of  a 
diagonal  can  always  be  taken  so  related 
to  two  of  the  sides  that  O,  A  and  B  shall 
be  in  a  line,  and  so  that  the  product  of 
OA  and  BA  shall  be  constant.  "We  pro- 
pose to  demonstrate  this  case  in  a  future 
note,  in  which  we  will  give  special  atten- 
tion to  this  new  element,  and  to  some 
other  systems,  such  as  that  of  Kemp, 
represented  in  Fig.  47,  and  in  which  P 
describes  a  perpendicular  PO  to  the  line 
OB  at  O ;  which  results  whenever 
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and 


OA=AB=BQ=QO 
OD=DP=DB 

OD2 


PC=BC= 


OQ 


[NOTE  BY  THE  FRENCH  TRANSLATOR.] 

The  interest  attaching  to  the  beautiful 
invention  of  Peaucellier  is  incontestable, 
either  from  the  kinematic  or  mathemati- 


cal point  of  view.  But  we  may  never- 
theless be  permitted  to  remark  that  the 
complexity  of  some  of  the  solutions  neu- 
tralizes their  beauty,  and  renders  doubt- 
ful their  utility. 

In  mechanism  simplicity  is  of  the  first 
importance,  and  ought  always  to  be  one 
of  the  principal  factors  of  a  new  inven- 
tion. For  instance,  in  one  example  we 
have  seen  that  the  extraction  of  the 
square  root  by  means  of  linkages   re 
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Fig.  50 


quires  the  combination  of  three  elements 
varies,  and  four  ordinary  Peaucellier 
elements;  altogether  forty-two  links  or 
bars. 


It  is  very  probable,  as  the  author 
remarks,  that  this  combination  may  be 
much  simplified.  (Since  a  parabola  can 
be  traced  by  a  conicograph  relatively 
simple,  -sve  may  employ  the  latter  for 
extracting  the  square  root  by  making 
the  parameter  equal  to  unity,  for  then 

y*=x  and  y=\/x). 

But  we  do  not  wish  to  criticise  here 
this  particular  case,  but  we  may  call 
attention  to  the  dangers  of  the  tendency 
of  mathematicians  to  enjoy  such  diffi- 
culties; a  tendency  for  which  the  com- 
plex combinations  of  the  Peaucellier  cell 
affords  great  opportunities  for  develop- 
ment. 

One  of  the  most  direct  applications  of 
this  cell  is  its  substitution  for  the  paral- 
lelogram of  Watt.  Figs.  48  and  49 
exhibit  the  mode  of  application  to  the 
piston-rod  of  a  steam-engine.  In  Fig. 
48  the  fixed  point  O  coincides  with  the 
center  of  motion  of  the  beam,  and  D  is  a 
fixed  point  independent  of  the  beam.  B 
is  fastened  to  the  piston-rod.  The  walk- 
ing-beam is  the  seventh  bar  OC.  This  is 
a  positive  element. 

A  better  application  is  shown  in  Fig. 
49,   since   the   losenge  itself   forms  the 
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walking-beam,  having  O  for  a  center  of 
motion,  and  D  as  the  independent 
fixed  point. 

The  combinations  described  by  the 
author  for  the  mechanical  solution  of 
equations  of  the  higher  degrees  are,  with- 
out doubt,  very  ingenious,  and  we  feel 
convinced  that  if  some  one  would  make 


them  for  sale,  many  persons  would  find 
them  of  great  use. 

Referring  to  the  generalization  that 
the  author  makes  of  the  problem  of 
rectilinear  movement,  by  means  of  link- 
ages, and  which  leads  to  the  new  ele- 
ment of  Fig.  46,  we  propose  for  it  the 
name  of  the  "Element  of  De  Boos"  in 
honor  of  the  inventor. 


THE  VENTILATION  OF  SEWEES. 


By  JOHN  G.  WINTON. 


From  "  Journal  of  the  Society  of  Arts." 


The  furnace  system  for  the  ventilation 
of  coal  mines  has  now  become  obsolete. 
The  plan  was  a  sluggish  one,  depending 
on  the  rarefaction  of  the  air  in  the  fur- 
nace or  upcast  shaft,  which  was  so  ar- 
ranged with  those  intricate  passages  in 
the  depths  of  the  earth,  that,  as  the  rare- 
fied air  ascended,  another  or  downcast 
shaft  supplied  fresh  air  to  the  workings. 
The  suction  fan  now  takes  the  place  of 
the  furnace  system.  In  some  instances 
air  is  discharged  and  supplied  by  these 
fans  at  the  rate  of  100,000  cubic  feet  and 
upwards  per  minute. 

Suction  fans  have  been  condemned  by 
some  authorities  as  inapplicable  for  the 
ventilation  of  our  main-drainage  systems. 
I  think  differently,  that  the  main-drain- 
age systems  of  Great  Britain  have  been 
constructed  in  ignorance  as  regards  ven- 
tilation. Our  forefathers,  no  doubt,  did 
not  experience  the  want  of  proper  ven- 
tilation and  dilution  of  sewer  gas  which 
now  exists  in  densely-populated  cities. 
Modern  works  have  been  constructed, 
ventilating  shafts  have  been  adopted, 
forming  upcast  and  downcast,  according 
to  the  locality,  nature  has  been  coaxed 
to  a  rate  these  foul  receptacles,  the  slug- 
gish gasses  have  been  purified  by  the 
charcoal  process,  and  the  noxious  vapors 
have  been  trapped  from  our  dwellings  ; 
yet,  with  all  these  precautions,  very  little 
has  been  done  to  create  an  in-draught 
into  our  main  sewers,  dispersing  the  va- 
pors from  the  subways  far  overhead. 

In  the  first  instance,  I  consider  that 
the  sewerage  works  of  towns  should  be 
so  planned  that  the  low-lying  districts 


are  kept  separate,  as  far  as  practicable, 
from  those  of  the  higher  districts ;  that 
each  district  should  have  a  separate 
sewer,  carrying  away  the  sewage  and 
rainfall  from  that  district  alone,  they 
should  debouch  into  a  main  common  to 
all,  and  should  be  arranged  with  large 
siphon  bends,  so  that  the  sewer  gas  of 
one  district  may  not  flow  into  that  of 
another  district ;  thus  I  may  be  able  to 
deal  most  effectually  with  the  sewer  gas. 
With  such  an  arrangement,  I  propose 
drawing  the  gases  out  of  each  district, 
discharging  them  into  the  main  common 
to  all,  and  which  eventually  would  be 
discharged  at  the  out-fall,  or  made  to 
pass  up  a  chimney,  and  be  dispersed  far 
overhead. 

Secondly,  that  all  the  existing  water- 
carriage  plans  for  the  removal  of  refuge 
are  defective,  in  the  absence  of  an  abund- 
ant supply  of  flushing  water  directly 
applied  to  the  main  drainage  system.  I 
have  advocated  pumping  up  sea-water 
for  this  purpose  for  sea-coast  towns,-  and, 
indeed,  for  all  towns  where  it  could  be 
cheaply  and  conveniently  applied.  I 
consider  that,  by  the  application  of  sea- 
water,  the  refuse  would  be  pickled,  and 
would  find  its  way  seaward  before  de- 
composition took  place,  and  noxious 
gases  were  evolved.  In  all  other  towns 
the  fresh  water  supply  should  be  suffi- 
cient to  meet  ordinary  requirements,  as 
likewise  for  periodical  or  continuous 
flushing.  In  the  application  I  have  sim- 
ply considered  it  necessary  to  flush  the 
house  pipes ;  and  when  these  tributaries 


THE   VENTILATION   OF   SEWERS. 


467 


are  promptly  flushed,  the  mains  will  like- 
wise be  so. 

If  it  is  once  ceded  that  continuous 
flushing  is  needed  for  the  present  sys- 
tem, I  consider  that  a  separate  system, 
independent  of  rainfall,  is  preferable  for 
the  removal  of  refuse,  and  the  effluent 
water  from  our  dwellings.  We  should; 
be  able  to  dispense  with  gullies,  and,  as 
there  would  not  be  so  many  air-holes, 
the  gases  would  be  more  effectually  dealt 
with.  However,  there  can  be  no  objec- 
tion to  carry  away  the  rainfall,  discharg- 
ing it  into  the  large  main  already  men- 
tioned, which  finally  terminates  at  the 
outfall. 

Tiie  small  jets  of  water  for  flushing 
the  pipes  leading  from  the  houses  need 
not  be  more  than  J  inch  in  diameter ; 
the  water  should  be  made  to  spread, 
striking  against  the  side  of  the  pipe, 
thus  tending  to  prevent  in-draught,  and 
placed  in  such  a  position  as  not  to  be  af- 
fected with  refuse.  For  sake  of  illustra- 
tion, 4,000  of  these  jets  would  represent 
an  area  of  784  square  inches,  or  a  diam- 
eter of  nearly  31J  inches  ;  so,  with  the 
water  delivered  under  a  moderate  press- 
ure, as  from  ordinary  cisterns,  these 
small  tributaries  would  eventually  create 
a  great  rush  of  flushing  water  in  the 
mains,  the  delivery  being  carefully  calcu- 
lated to  suit  the  requirements. 

In  some  recent  examples  for  the  ven- 
tilation of  sewers,  open  gratings  have 
been  fitted  in  the  middle  of  the  road- 
ways, in  connection  with  shafts  leading 
from  the  top  of  the  main  sewers.  Many 
towns  have  such  an  arrangement.  These, 
no  doubt,  allow  the  gases  to  flow  out  of 
the  mains,  more  especially  when  the 
sewer  gases  are  compressed  by  a  sudden 
flow  of  water.  In  warm  weather,  with  a 
minimum  flow  of  water  through  the  sew- 
ers, the  gases  rise  very  sluggishly,  and 
we  know  the  exhalations  are  very  offen- 
sive. The  "  sun "  is  the  furnace,  as  it 
were  (as  in  the  plan  adopted  by  the  early 
miner)  ;  and  the  sewers  being  of  lower 
temperature  than  the  atmosphere,  the 
cold  air  in  the  sewers  rises  through  the 
open  gratings ;  hence  the  various  sys- 
tems for  deodorizing  the  gases  by  the 
charcoal  process.  In  the  winter  months 
our  houses  act  as  the  furnaces ;  and  as 
we  try  to  make  them  as  snug  as  possible, 
by  reducing  all  in-draught  through  win- 
dow fittings  and  doorways  to  the  mini- 


mum, the  open  gratings,  fitted  to  the 
main  sewers,  then  act  as  feeders,  sweep- 
ing a  cold  current  of  air  through  the 
sewers,  which  carries  the  foul  gases 
along,  and  eventually  rushes  through 
faulty  fittings  into  our  comparatively 
warm  dwellings.  This  must  take  place 
at  all  seasons  of  the  year,  and  more  es- 
pecially during  the  night,  when  we  can- 
not open  our  windows  for  ventilation, 
and  when  our  rooms  are  at  a  higher  tem- 
perature than  the  atmosphere.  How- 
ever, the  more  the  sewers  are  properly 
aerated,  reducing  the  in-draughts  into 
our  dwellings,  from  these  noxious  re- 
ceptacles at  all  seasons  of  the  year,  the 
more  healthful  will  our  habitations  be- 
come. So  I  am  forced  to  condemn  the 
plain  "  Roman "  system,  and  advocate 
the  suction  fan  method  adopted  by  the 
modern  miner. 

The  furnace  system,  for  promoting 
ventilation,  we  all  know  to  be  a  very  ex- 
pensive plan,  unless  we  can  utilize,  as  in 
large  manufacturing  districts,  the  num- 
erous furnaces  under  steam  boilers. 
This  plan  has,  no  doubt,  certain  advan- 
tages in  being  able  to  deodorize  the 
gases,  by  passing  them  through  the  fur- 
nace, and  then  up  tall  chimneys,  where 
the  purified  vapors  would  be  wafted 
away  into  infinite  space. 

Next  comes  the  suction  fan,  driven  by 
the  steam  engine.  Now  we  have  a  fur- 
nace, and  at  the  same  time  we  create  a 
powerful  current  of  air  passing  into,  and 
drawn  out  of  the  sewers,  and  then 
through  the  furnace  and  up  the  chimney 
to  the  clouds. 

With  fans  propelled  by  wind  we  have 
a  power  uncertain  and  capricious.  How- 
ever, I  consider  Archimedean  screw  ven- 
tilators could  be  applied  with  a  measure 
of  success  in  many  small  villages  where 
economy  may  be  a  desideratum.  They 
are  very  sensitive  ;  the  least  wind  will 
cause  them  to  revolve,  and  with  such  an 
apparatus  placed  on  the  top  of  a  high 
chimney,  the  revolving  wheel  being  six 
feet  in  diameter,  we  should  have  an  en- 
gine of  considerable  power.  These  ma- 
chines are  fitted  with  spiral  screw  blades 
for  creating  an  upward  current.  At 
times  the  action  is  feeble ;  the  gases, 
however,  would  be  kept  in  motion.'  In 
high  winds  the  revolutions  are  consider- 
able, and  the  gases  would  be  screwed 
out  of  the  sewers  more  rapidly,  and  in- 
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stantly  dispersed.  Gas  engines  may  be 
used  for  driving  the  fan,  as  some  author- 
ities may  object  to  steam  engines  and 
smoke  chimneys  studded  over  large  and 
fashionable  localities  ;  but  when  we  con- 
sider that  science  has  rendered  those 
shafts  smokeless,  the  engine  becomes  a 
matter  of  convenience,  and  a  good  gas 
engine  of  moderate  power  requires  less 
skill  on  the  part  of  the  attendant. 

Lastly,  we  have  to  consider  the  tur- 
bine or  water  engine  for  driving  the  fan. 
I  have  shown  that,  for  the  water-carriage 
system  for  the  removal  of  refuse,  more 
flushing  water  becomes  imperative,  and 
I  propose  to  take  advantage  of  the  efflu- 
ent water  flowing  from  the  turbine  to 
effect  a  thorough  cleansing  of  our  under- 
ground netways.  And,  to  satisfy  the 
most  fastidious,  I  propose  drawing  the 
gases  through  an  inclosed  bed  of  char- 
coal of  sufficient  capacity  to  suit  the  re- 
quirements. 

I  will  now  draw  attention  to  these 
suction  fans.  A  fan  driven  by  an  engine 
of  20  horse-power  discharges  25,000 
cubic  feet  per  minute,  th"e  suction  pipe 
being  30  inches  in  diameter,  one  mile  of 
such  pipe  contains  25,872  cubic  feet,  or 
a  little  more  than  the  above  fan  delivers 
per  minute.  The  mileage  per  hour 
drawn  through  this  30-inch  pipe  will  be 
58,  in  round  numbers,  and  in  the  24 
hours  1,392  miles  of  air  are  drawn 
through  this  pipe  of  30  inches  in  diam- 
eter, while  the  total  quantity  of  air  ex- 
pelled by  the  machine  is  36,000,000  cubic 
feet  in  the  24  hours,  or,  in  other  words, 
thirty-six  millions  of  cubic  feet  would  be 
drawn  out  of  a  certain  sewerage  area, 
and  pure  air  would  instantly  fill  up  the 
void,  pouring  into  the  sewers  through 
existing  apertures,  or  properly  construct- 
ed inlets.  To  place  these  fans  in  imme- 
diate connection  with  the  sewers  is  im- 
practicable. As  the  numerous  gully 
holes  would  act  as  feeders,  and  the  ex- 
haustive power,  at  a  short  distance, 
would  become  inoperative,  we  must  lay 
down  a  system  of  piping,  so  that  the 
sewers  may  be  attacked,  and  the  gases 
gently  drawn  out  over  a  large  area. 
Were  we  to  create  a  sudden  rush  of  air 
at  one  part  of  the  sewerage  system,  even 
although  with  no  gully  holes,  we  con- 
sider the  water  traps  in  the  house  ar- 
rangements would  be  unsealed,  and,  as 


we  have  already  stated,   the  exhaustive 
power  would  be  limited. 

!For  sake  of  illustration,  I  will  take  a 
straight  length  of  piping,  commencing 
with  30  inches  diameter  at  the  fan.  This 
line  of  piping  should  be  graduated  to  a 
small  diameter  at  the  extreme  end  of, 
say,  one-sixth  of  the  area,  or  12J  inches 
diameter,  the  end  of  the  pipe  being  fitted 
with  a  blind  flange.  This  being  the 
main  suction  pipe,  branches  are  cast  on 
at  certain  intervals,  and  pipes  fitted 
thereto  in  connection  with  the  main 
sewer,  or  still  smaller  pipes  in  connec- 
tion with  each  drain  from  the  houses. 
These  pipes  should  be  smallest  nearest 
the  fan,  and  varying  in  diameter  to  the 
extreme  end  of  the  main  suction  pipe. 
We  consider,  that  by  this  arrangement 
of  graduated  main  and  feeders,  that  the 
draught  would  be  equalized  throughout 
the  entire  length  of  pipe. 

When  it  is  desirable  to  lead  a  pipe 
from  the  main  into  each  house  drain,  it 
must  be  placed  between  the  sewer  and 
the  trap,  fitted  to  the  drain  pipe.  These 
feeders  must  be  small  in  diameter,  so 
that  their  combined  area  does  not  exceed 
the  area  of  the  suction  pipe,  as  likewise 
to  embrace  as  many  house  drains  as 
practicable.  For  sake  of  illustration,  we 
will  take  all  the  feeders  of  an  uniform 
diameter  of  J  an  inch.  The  area  of  the 
30  inches  suction  pipe  is  706  square 
inches,  and  as  the  area  of  J-  an  inch  is 
.196,  it  will  require  3,600  feeders  to 
make  up  the  area  of  the  30-inch  suction 
pipe,  or,  in  other  words,  3,600  house 
drains  will  be  in  communication  with  the 
suction  fan.  As  the  fan  discharges  25,- 
000  cubic  feet  per  minute,  each  feeder 
would  be  drawing  from  the  sewers,  say, 
6.94  cubic  feet  per  minute,  or  416  cubic 
feet  per  hour.  Thus  it  will  be  seen  that 
the  sewer  air  would  be  gently  drawn  out 
over  the  entire  area  to  be  ventilated. 

We  will  now  assume  that  a  street  con- 
tains 320  houses  to  the  mile,  the  houses, 
of  course,  being  on  each  side  of  the 
street.  As  there  are  3,600  house  drains 
to  be  ventilated,  the  total  length  of  the 
street  would  be  11^  miles.  This  shows 
the  capability  of  a  suction  fan  discharg- 
ing 25,000  cubic  feet  of  air  per  minute. 
We  consider  this  arrangement  of  small 
feeders  extends  the  area  to  be  ventilated. 
Were  the  feeders  one  inch  in  diameter, 
more  air  would  be  drawn  through  each, 
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but  there  would  be  only  900  house 
drains  ventilated,  and  the  mileage  would 
be  reduced  in  proportion.  In  another 
arrangement,  larger  feeders  are  fitted  to 
the  main  suction  pipe,  and  placed  in 
communieation  with  the  main  sewers. 
These  pipes  would  be  placed  further 
apart  than  the  former  arrangement,  and 
graduated  from  a  small  diameter  at  the 
end  nearest  the  fan,  and  increasing  in 
diameter  towards  the  extreme  end, 
thereby  tending  to  equalize  the  draught 
throughout  the  entire  range  of  piping. 

In  some  situations  the  main  sewers 
may  be  of  sufficient  capacity,  so  that  the 
suction  pipe  could  be  hung  from  the 
roof.  It  should  be  pierced  with  holes  at 
certain  intervals,  wdiich  would  act  as 
feeders,  drawing  off  the  gases  immedi- 
ately over  the  parts  when  generated, 
and  we  consider  all  new  works  should 
be  so  arranged  when  practicable. 

In  the  meantime  we  have  to  deal  with 
existing  arrangements.  In  some  towns, 
steam-power  would  be  preferable  for 
driving  the  fan,  and  in  other  towns 
water  pressure  may  be  adopted.  In  lay- 
ing down  this  proposed  pneumatic  mode 


of  ventilation,  central  situations  must  be 
chosen.  The  area  to  be  ventilated  we 
will  assume  to  be  four  square  miles.  A 
powerful  sue!  ion  fan  must  be  erected 
centrajly  in  that  area,  and  placed  in  con- 
nection with  a  circular  suction  box,  from 
which  the  various  suction  pipes  would 
diverge.  These  pipes  would  be  arranged 
through  the  main  streets  and  cross 
streets,  in  a  similar  arrangement  as  for 
the  distribution  of  gas  for  lighting  pur- 
poses, and  the  feeders  carried  into  the 
house  drains,  or  in  direct  communication 
with  the  sewers,  in  the  same  way  as  the 
small  gas  pipes  are  taken  into  our 
houses.  The  one  system  of  piping  is 
identical  with  that  of  the  other ;  the  gas 
from  the  gas  works  is  delivered  under 
pressure  ;  the  pneumatic  method  of  ven- 
tilation supplies  air  to  our  sewerage  sys- 
tems, by  the  exhaustion  of  a  large  vol- 
ume of  air  drawn  out  of  a  system  of 
piping,  which,  if  properly  arranged,  can- 
not create  negative  pressure  in  the 
sewers,  and  which,  we  consider,  would 
prove  a  great  blessing  to  the  community 
at  large,  by  the  thorough  ventilation  and 
purified  dispersion  of  sewer  gas  carried 
up  high  chimneys,  far  overhead. 


THE  CONSOLIDATION  OF  FLUID  STEEL.* 

By  ALFRED  DAVIS,  Westminster. 
From  "  Engineering." 


The  difficulty  of  obtaining  solid  ingots 
under  the  ordinary  system  of  casting  in 
the  Bessemer  and  Siemens  process  has 
induced  several  methods  of  applying 
pressure  to  the  metal  whilst  in  a  liquid 
state. 

Sir  Henry  Bessemer  in  1856  took  out 
a  patent,  under  the  title  of  "Manufac- 
ture of  Iron  and  Steel,"  in  which  he  pro- 
poses to  use  a  hydraulic  press  as  a  means 
of  condensing  the  ingot  whilst  in  a  semi- 
fluid state,  and  for  which  purpose  he 
states  a  strong  slide  or  cover  must  be 
made  to  close  the  mouth  of  the  mould 
during  the  process. 

The  plan  adopted  by  Sir  Joseph  Whit- 
worth  has  been  for  some  time  in  success- 

*  Paper  read  before  the  Iron  and  Steel   Institute  at 
Liverpool. 


ful  operation,  and  the  process  of  hydrau- 
lic compression  has  also  been  practiced 
at  the  works  of  Messrs.  Revollier,  Bic- 
trix,  and  Co.,  France,  and  at  the  Neuberg 
Works  in  Austria. 

Mr.  R.  N.  Daelen,  of  Barop,  has  a  plan 
for  pumping  the  fluid  steel  into  a  closed 
ingot  mould.  The  three  last  systems  are 
fully  illustrated  and  described  in  the 
pages  of  Engineering,  August  6,  1875, 
and  October  8  of  the  same  year,  and  are 
probably  well  known  to  the  members  of 
this  Institute. 

The  system  which  the  author  proposes- 
to  describe  is  the  invention  of  Mr.  H.  R. 
Jones,  of  the  Edgar  Thomson  Steel  Com- 
pany, U.  S.  A.,  and  is  now  in  constant 
operation  at  the  works  of  that  company 
near  Pittsburgh. 
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The  process  is  a  very  inexpensive  one, 
and  consists  in  simply  admitting  steam 
at  a  high  pressure  to  the  top  of  the  ingot 
mould  immediately  after  the  metal  has 
been  poured. 

A  steam  drum,  or  receiver,  communi- 
cating direct  with  the  boiler,  is  fixed,  for 
the  sake  of  convenience,  to  the  side  of 
the  ingot  crane.  This  drum  has  a  num- 
ber of  cocks  corresponding  with  the  num- 
ber of  the  moulds.  India-rubber  pipes 
are  provided  to  conduct  the  steam,  one 
end  of  the  tube  being  permanently  fixed 
to  the  drum,  and  the  other  by  means  of  a 
-coupling  attached  to  the  lid  of  the 
mould. 

The  accompanying  drawings  show  the 
construction  of  the  ingot  moulds  and  at- 
tachments. 

The  base-plates  upon  which  the  stools 
rest  are  secured  to  a  good  foundation, 
and  the  stools  are  accurately  fixed  in 
position  on  the  arc  of  a  circle  having  the 
post  of  the  ladle  crane  as  a  center.  This 
is  done  to  avoid  racking  in  and  out  the 
ladle  when  pouring.  The  stools  have 
projecting  ribs  to  fit  the  base  plates,  and 
heavy  lugs  to  which  the  moulds  are 
clamped. 

The  ingot  mould  has  at  the  upper  end 
a  cone  seat  accurately  turned,  upon 
which  the  pouring  cup  rests,  and  which 
afterwards  receives  the  lid,  which  is  se- 
cured in  position  by  means  of  a  steel 
wedge. 

By  this  arrangement  the  cup  is  easily 
removed  and  the  lid  (with  coupling  and 
flexible  pipe  attached)  substituted;  the 
cone  seat  forming  a  steam-tight  joint. 

In  coupling  up  the  steam  pipe,  a  short- 
er time  is  occupied  than  by  the  old 
method  of  filling  up  with  sand. 

For  generating  steam  a  cylindrical 
boiler  is  used  30  in.  in  diameter  by  20  ft. 
long,  and  constructed  to  carry  a  press- 
ure of  250  lbs.  per  square  inch,  although 
in  practice  a  greater  pressure  than  from 
80  lbs.  to  150  lbs.  does  not  appear  to  be 
necessary,  the  higher  pressure  being  used 
for  mild  steels. 

The  result  obtained  by  the  application 
of  this  process  at  the  Edgar  Thomson 
Works  has  proved  completely  successful. 

Formerly  at  these  works,  with  a  14  in. 
ingot  reduced  to  a  bloom  of  7  J  in.  +  7  Jin. 
it  was  necessary  to  cut  off  from  30  in.  to 
36  in.  of  the  bloom  in  order  to  arrive  at 
a  part  free  from  piping,  whilst  under  this 


process  the  ingots  are  free  from  poros- 
ity, and  are  turned  out  with  a  perfectly 
level  top. 

A  careful  series  of  experiments  has 
been  made  in  order  to  ascertain  the  dif- 
ference between  an  ingot  cast  in  the  or- 
dinary way  and  one  under  steam  press- 
ure ;  and  it  has  been  found  that  the  lat- 
ter with  the  same  quantity  of  metal  from 
the  ladle  is  from  1^  in.  to  2  in.  shorter 
than  the  former  when  cold. 

In  the  year  1878,  when  this  process 
was  first  adopted,  a  Saving  of  2.6  per 
cent,  was  effected  over  the  proceeding 
when  the  old  method  was  in  use  ;  that  is 
to  say,  what  in  the  year  1877  was  scrap, 
in  the  year  1878  was  sound  steel. 

In  addition  to  the  consolidation  of  the 
ingot,  there  are  several  other  advantages 
in  this  system.  It  is  found  that  the 
steam,  acting  upon  the  end,  cools  and 
hermetically  seals  the  top  of  the  ingot, 
and  enables  the  men  to  deal  with  it  ten 
minutes  earlier,  without  any  fear  of  bleed- 
ing ;  and  this  allows  the  ingot  to  be  con- 
veyed to  the  reheating  furnace  with 
greater  rapidity  and  in  a  hotter  condition 
than  formerly. 

It  is  also  found  that  with  the  use  of 
steam  the  ingot  moulds  last  better,  the 
average  in  1879  being  95  ingots,  or 
nearly  112  tons  of  steel  per  mould. 

In  a  paper  read  by  Sir  Joseph  Whit- 
worth  at  the  meeting  of  the  Mechanical 
Engineers  in  Manchester,  July,  1875  sev- 
eral theories  were  discussed,  as  to  the 
effect  of  compression  on  fluid  steel,  and 
although  the  result  was  generally  admit- 
ted to  be  satisfactory,  the  subject  was 
dismissed  before  any  solution  had  been 
arrived  at  as  to  the  modus  operandi. 
During  the  discussion  several  speakers 
were  of  opinion  that  the  gases  were  not 
forced  out,  but  merely 'compressed,  and 
consequently  occupied  so  small  a  space 
that  they  could  not  afterwards  be  detected. 

Mr.  Daniel  Adamson  considered  that 
the  soundness  of  the  compressed  ingots 
could  be  accounted  for  in  the  following 
manner :  That  the  metal  running  into  the 
mould  necessarily  became  cooled  and  so- 
lidified on  its  outer  surface  first,  and  that 
the  natural  contraction  of  the  interior 
afterwards  becoming  cool  must  leave  vacu- 
ous pores  if  allowed  to  cool  in  the  ordi- 
nary way;  but  that  the  compression  tak- 
ing place  during  the  time  that  the  outer 
surface  was  becoming  solidified,  the  metal 
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was  welded  together  particle  for  particle, 
ami  the  vacuous  spaces  avoided. 

Sir  Joseph  Whitworth  did  not  offer 
any  explanation  in  regard  to  the  expul- 
sion of  the  gases  under  his  system  of 
compression,  and  it  would  be  interesting 
to  know  the  views  he  entertains  on  the 
subject. 

Dr.  Siemens  observed  that  the  result 
might  be  accounted  for  by  the  circum- 
stance that  the  fluid  steel,  congealing 
first  on  the  outside  of  the  mould,  offered 
more  resistance  there  to  the  motion  of 
the  plunger,  and  the  outside  becoming 
thus,  comparatively  speaking,  porous 
while  the  fluid  portion  in  the  center  re- 
ceived a  larger  amount  of  compression 
than  the  outside,  which  had  more  power 
of  resisting  the  pressure.  The  particles 
of  gas  entangled  within  the  fluid  mass 
would  therefore  encounter  rather  less  re- 
sistance towards  the  outside  than  towards 
the  inside,  the  full  hydraulic  pressure 
being  transmitted  to  the  center  of  the 
fluid  mass,  and  in  that  way  the  expulsion 
of  the  gases  from  the  fluid  metal  might 
perhaps  be  accomited  for. 

The  following  explanation  from  Mr.  F. 
Moro,  chief  engineer  of  the  Kladno  Steel 
Works,  Austria,  in  reference  to  the  con- 
solidation of   ingots   compressed  under 


the  steam  process,  appeared  in  a  recent 
number  of  a  scientific  journal : 

"The  liquid  steel  has,  like  other  met- 
als, e.g.,  lead,  the  peculiarity  of  absorbing 
gases,  and  the  more  of  them  the  higher 
the  temperature.  On  the  other  hand, 
these  absorbed  gases  will  come  out  of 
solution  on  cooling,  accumulating  in  bub- 
bles until  the  rigidity  of  the  setting  steel 
puts  an  end  to  this.  This  will  be  the 
case  under  ordinary  atmospheric  pressure, 
but  it  is  otherwise  when  liquid  steel 
is  submitted  to  the  influence  of  high 
pressure ;  then  the  absorbed  gases  remain 
in  solution  like  carbonic  acid  in  well-bot- 
tled soda-water,  for  example,  and  any  for- 
mation of  bubbles  will  become  impossible 
at  a  pressure  of  over  six  atmospheres.'* 

The  method  of  steam  compression  de- 
scribed in  this  paper  has  recently  been 
adopted  at  the  works  of  Messrs.  Bolckow,. 
Vaughan,  and  Co.,  and  although  perma- 
nent arrangements  have  not  yet  been 
completed,  sufficient  has  been  accom- 
plished to  confirm  the  statements  of  our 
Transatlantic  friends,  and  to  justify  the 
expectation  that  under  this  simple  and 
inexpensive  process,  a  result  is  gained 
equal  to  that  obtained  by  the  costly  and 
elaborate  systems  of  compression  hither- 
to practiced. 


THE  DOUBLE-CHECK  SYSTEM  OF  HOUSE  DRAINAGE.* 


By  Mr.  HENRY  MASTERS,  Architect. 
From  "The  Architect." 


Upon  reviewing  the  various  systems  of 
house  drainage  that  have  been  brought 
before  the  public  during  the  past  dozen 
years,  I  have  been  struck  with  the 
absence  of  simplicity  in  many  of  the 
schemes  propounded.  One  school  of 
sanitarians  consider  special-made  traps 
essential.  Another,  the  absolute  neces- 
sity of  mechanical  contrivances  for 
pumping  up,  or  extracting  the  foul  air 
from  drains,  though  each  agree  that 
drain  ventilation  is  necessary. 

Nearly  all  the  schemes  put  forward 
advocate  up  -currents  of  air  by  single 
pipes,  and  pumping  terminations;  some 
admitting  air  near  the  ground,  and  some 


*  A  Paper  read  at  the  Conference  of  the 
Arts  on  Health  and  Sewage  of  Towns. 
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not.  If  the  multiplicity  of  special  pipe 
terminations  be  evidence,  down  draft  is 
a  very  formidable  thing  to  contend  with. 
In  my  scheme,  I  am  a  great  friend  to 
down  draft;  I  advocate  and  encourage 
it  in  every  possible  manner,  and  the 
more  I  get  of  it  the  better.  I,  therefore, 
differ  in  this  particular  from  other  sani- 
tarians. 

In  my  early  practice,  as  an  architect 
and  surveyor,  the  correct  thing  was  to 
trap  every  closet,  sink,  and  outlet;  also, 
to  put  traps  at  the  foot  of  every  soil  and 
rainwater  pipe,  and  the  overflows  of 
tanks,  the  great  object  being  to  hermeti- 
cally seal,  so  far  as  possible,  every  drain 
and  soil-pipe ;  the  latter  was  made  tight 
I  at  top  and  bottom,  and  the  former  at 
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either  end.  The  same  principle  of  tight 
work  was  applied  to  our  common  sewers, 
and  I  regret  that  we  have  still  advocates 
for  sealing,  both  as  regards  the  sewers 
of  our  towns,  and  also  our  private 
drains. 

Upon  applying  my  double-check  sys- 
tem of  house  drainage,  I  always  avoid 
using  any  speciality  or  mechanical  con- 
trivance. All  the  details  required  may 
be  purchased  at  ordinary  dealers  in  sani- 
tary ware  and  ironmongers.  I  use  gen- 
erally the  common  form  of  trap,  ordinary 
glazed  ware  pipes  (sometimes  with  Sand- 
ford's  joints),  and  stout  cast-iron  soil 
and  air-pipes,  selecting  only  careful  and 
well-proved  men  for  doing  the  work. 
My  experience  having  taught  me  that 
simplicity  is  the  best  engineering,  and 
the  fewer  parts  the  better,  I  decidedly 
object  to  any  mechanical  valves  or  re- 
volving terminations. 

As  an  example  of  simplicity  of  house 
drainage,  and  as  a  system  which  could 
never  get  out  of  repair,  although  we 
have,  upon  referring  to  the  past,  but  few 
examples  left  us  of  the  §anitary  arrange- 
ments of  our  mediaeval  forefathers,  I 
cannot  refrain  from  bringing  before  you 
one  such  example  of  a  well-arranged  and 
ventilated  system  of  domestic  drainage, 
as  applied  to  the  Hospital  of  St.  Cross, 
Hampshire. 

The  architect  of  St.  Cross,  in  common 
with  the  forethought  that  governed  our 
forefathers  in  the  selection  of  suitable 
sites  for  their  religious  and  domestic 
buildings,  took  care  that  abundance  of 
water,  and  facilities  for  drainage,  should 
be  secured.  In  the  case  of  St.  Cross, 
the  water  from  the  Eiver  Itchin  is 
higher  above  the  hospital  than  below; 
advantage  was  taken  of  this  circum- 
stance to  make  a  culvert  from  the  higher 
part  in  the  direction  of  the  building,  and 
in  the  garden  was  constructed  an  open 
pond,  through  which  the  water  flowed, 
and  was  the  source  of  domestic  supply. 
It  then  passed  on  and  round  the  Breth- 
ren's dwellings,  and  under  a  foot-bridge, 
constructed  for  the  double  purpose  of 
communication  with  the  garden,  and  for 
throwing  over  waste  from  the  cooking 
department.  The  water  passed  on 
under  several  projecting  wings  of  the 
building,  in  which  were  placed  the 
closets,  four  in  each  wing,  two  up  stairs 
and  two   down.      In   the   domestic   ar- 


rangements of  St.  Cross,  each  Brother 
had  a  complete  suite  of  apartments. 
They  were  provided  with  a  sitting-room 
and  a  bed-room,  and  also  a  scullery, 
where  they  washed,  and  from  the  sculler- 
ies were  approached  closets,  one  to  each 
dwelling  in  the  wings  referred  to,  and 
here  we  have  a  perfect  system  of  ventil- 
ated drains  and  open  soil-pipes,  the 
former  an  open  channel  formed  by  the 
river  water  being  diverted,  and  the  latter 
a  shaft,  about  a  yard  square,  extending 
from  a  short  distance  of  the  running 
water  to  the  seat,  by  which  the  soil 
passed  directly  into  the  water,  air  being 
freely  admitted  to  the  soil-trunk,  and 
passing  out  through  the  seats  and  open 
windows  of  the  closets. 

I  admit  that  the  system  adopted  by 
the  Brethren  at  St.  Cross  would  be 
hardly  applicable  to  our  modern  views, 
but  we  can  take  a  lesson  from  the  works 
of  these  ancient  men.  Their  sewers,  as 
well  as  their  soil-shafts,  were  open  from 
end  to  end,  and  they  avoided  the  compli- 
cation of  traps  and  cowls. 

Unfortunately,  in  our  cities,  we  are 
driven  by  circumstances  to  use  close 
drains  to  some  extent,  and  I  hardly 
think  we  are  prepared  to  advocate  open 
channels  for  our  sewage,  through  the 
middle  of  our  streets,  or  open  shafts  for 
our  closets;  and,  without  expressing  any 
opinion  what  others  have  done  with 
special  traps  and  cowls,  I  will  describe  a 
scheme  I  have  applied  during  many 
years  of  my  architectural  practice,  and 
in  every  case  have  found  it  effective. 

The  scheme  I  advocate  for  house 
drainage  I  have  designated  "  The 
Double-Check  System,"  because  I  apply 
a  double  trap  and  a  double  air-pipe, 
using  three  pipes  altogether.  Branches 
from  the  closets  inside  pass  through  the 
external  walls,  and  join  the  soil-pipe, 
which  is  extended  above  the  roof  and 
clear  of  all  windows ;  the  curved  termin- 
ation of  this  pipe  points  in  the  direction 
of  the  house  front.  Where  the  drain 
passes  out  from  the  front  of  the  house 
an  air-pipe  is  connected;  this  also  ex- 
tends above  the  roof,  the  curved  end 
pointing  in  the  reverse  direction  to  the 
soil-pipe  termination. 

Houses  that  are  connected  together 
are  much  more  difficult  to  drain  than 
when  detached;  my  selected  example?, 
as  shown  by  the  drawings  exhibited,  are 
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from  houses  in  rows.     If  the  houses  are  up  the  large  gas-exit-pipe,  and  so  escape 
detached,  I  invariably  put  all  drains  out 


side  the  walls,  and  cut  oft'  all  waste-pipes. 
I  also  ventilate  all  the  drains  as  de- 
scribed. 

The  double-check  system,  in  its  most 
simple  form  of  application,  consists  of  a 
pipe  drain  from  the  back  to  the  front  of 
the  house,  if  in  a  row.  or  outside  the 
house  if  detached;  at  the  back  of  the 
house  it  is  joined  to  the  vertical  soil- 
pipe,  to  which  is  connected  the  w.c.  pans. 


into  the  air  above  the  house  roof.  Sewer 
gas,  therefore,  either  by  being  forced 
through  the  water  of  the  first  siphon 
trap,  or  being  absorbed  by  the  trap 
water,  is  prevented  from  passing  into 
the  house  drains  by  a  barrier,  viz:  the 
second  siphon  trap,  which,  in  an  occu- 
pied house,  would  always  be  charged 
with  water.  If  pressure  existed,  it 
would  be  released  as  soon  as  the  first 
trap  is  passed,  because  it  would  have  a 


This  soil-pipe  continues  its  full  size  large  pipe  provided  for  its  escape  freely 
above  the  roof,  and  has  a  curved  termin- 
ation, pointing  from  the  house  (say  to 
the  right).  At  a  point  of  the  pipe  drain 
or  inside  or  in  front  of  the  house  is  con- 
nected a  large  iron  pipe  extending  above 


into  the  air,  and  above  the  roof. 

The  tops  of  all  pipes  are  protected 
with  terminations,  the  capacity  of  the 
air-ways  being  equal  to  the  area  of  pipe. 
I  object  to  any  mechanical  terminal,  pre- 


the  roof ;  this  air-pipe  has  also  a  curved  f erring  only  such  contrivances  that  can- 


termination,  the  same  as  upon  the  soil- 
pipe  extension,  but  it  points  in  a  reverse 
direction,  or  from  the  front  of  the  house 
(say  to  the  left)  ;  thus  we  have  a 
U-shaped  arrangement,  an  open  pipe  at 
the  front  of  the  house,  with  a  left-hand 
curve,  an  open  pipe  at  the  back  of  the 


not  get  out  of  order,  and  that  may  be 
procured  easily,  and  which  will  prevent 
birds  making  their  nests  in  the  pipes. 

In  order  that  any  system  of  house 
drains  may  be  perfect,  it  is  absolutely 
necessary  that  facilities  should  be  given, 
so  that  any  accumulation  of  impure  air 


house  with  a  right-hand  curve,  the  lower  ,  in  the  drain  or  soil-pipes  should  be  made 
ends  of  each  pipe  connected  with  the  j  to  periodically  "move  on''  and  finally  be 
drain.  I  expelled.      All   house    drains   and    soil- 

The  foregoing  explanations  have  refer-  ]  pipes  become  somewhat  foul  in  the 
ence  to  the  house-drains  proper,  but  un-  \  course  of  time,  and  if  I  were  to  intro- 
less  accompanied  by  some  arrangement  I  duce  an  old  soil-pipe  into  this  room,  you 
for  cutting  off  the  public  sewers  from  the  would,  I  am  sure,  object  to  be  in  its 
house  drains,  the  system  would  become  I  company.      Many    old    soil-pipes    have 


a  "public  sewer  ventilator,"  and  to 
ventilate  the  public  sewers  at  private 
expense,  or  to  assist  in  establishing  a 
current  of  sewer  gas  in  the  direction  of 
the  house,  would  be  alike  opposed  to  my 
views.  I  have,  therefore,  arranged  a 
double  trap  for  this  purpose. 

There  is  no  specialty  in  this  trap.     It 
is  simply  two  common  siphon  traps  (as 
known   in   the   building   trade   by   that ; 
name),    connected   together   by  a  short : 
junction   pipe,    to   which  is   attached   a  ! 
large    iron    gas    exit    or    escape    pipe, 
extending   above  the  house   roof 
action   of   this   double-check 
trap  is  as  follows: — Upon  such  occasions 
as  a  pressure  of  gas  present  in  the  public 
sewers,    capable   of    exerting    sufficient 
force  to  pass  a  water   trap,  a  portion  of 
such  gas  will  be  forced  into  the  house 
drain,  and  passing  the  first  trap  (which 
acts  as  a  safety  valve),  will  meet  with 
resistance  at  the  second  trap,  but,  meet- 
ing with  no  further  hindrance,  will  pass 


been  found  to  be  thickly  lined  with  very 
disagreeable  substances,  giving  off  the 
most  unpleasant  scents,  especially  when 
in  a  damp  state,  and  during  hot,  calm 
weather;  and  we  all  know  the  very 
unpleasant  odor  prevailing  in  many  of 
our  houses  after  the  cooking  of  cabbage. 
These  emanations  should  be  got  rid  of 
as  soon  as  possible. 

In  my  experience  of  revolving  cowls, 
which  make  one  believe  (during  their 
revolutions)  they  are  doing  some  good,  I 
have  found  that  at  the  time  they  are 
The  |  most  required  they  are  at  a  standstill, 
sewer  gas  and  act  as  obstructives,  and  when  there 
is  plenty  of  wind,  and  no  necessity  for 
screwing,  they  revolve  at  a  furious  rate. 
This  must,  of  necessity,  be  the  case 
during  winds  and  calms,  and  in  the 
curved  termination  I  apply  to  my  system 
I  labor  under  the  same  disadvantage. 
When  the  winds  blow  strongly  from 
nearly  every  point  of  the  compass,  a 
strong  current  of  air  passes  into  one  of 
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my  curved  pipes  through  the  drain  and 
soil-pipe  and  out  of  the  other,  carrying 
with  it  any  foul  air  that  may  be  in  the 
drain;  but  when  there  is  a  calm  very 
little  air  is  made  to  pass  by  natural  cur- 
rents. But,  although  I  am  anxious  to 
take  advantage  of  the  passing  currents 
of  air,  and  they  add  to  the  value  of  my 
system  by  clearing  the  drains  and  pipes 
when  the  wind  blows,  I  depend  upon 
another  power  for  obtaining  the  desired 
end. 

In  the  present  day,  every  closet  is 
constructed  so  that  it  may  be  flushed  by 
about  two  gallons  of  water;  this  quan- 
tity of  water,  if  it  were  possible  to  be 
forced  at  once  into  the  4-inch  soil-pipe, 
would  form  a  solid  piston  of  water, 
about  a  yard  long,  and  would,  in  de- 
scending, push  before  it  with  consider- 
able power  the  air  in  the  pipes;  and  if 
the  soil-pipe  were  10  feet  long,  10  feet 
of  air  would  be  displaced,  and  forced 
out  of  the  open  end  of  the  pipe,  at  the 
same  time  air  would  pass  into  the  top  of 
the  soil-pipe  extension,  and  follow  the 
water-piston,  so  that  during  the  time  it 
was  acting  as  a  displacer  of  foul  air,  it 
would  be  filling  the  vacuum  with  fresh 
air;  and,  if  I  had  not  such  an  objection 
to  mechanical  valves,  I  could  easily  con- 
trive one  that  would  retain  the  yard  of 
water  in  the  soil-pipe,  which,  being  re- 
leased suddenly,  would  act  with  very  great 
power,  but  as  in  practice  I  have  found  it 
is  desirable  to  lay  on  the  water  for  pan- 
flushing  by  a  large  pipe,  say,  lj-inch 
bore,  taking  care  that  the  valve  which 
allows  the  water  to  escape  from  the  flush 
tank,  and  also  the  way  into  the  closet- 
pan,  be  of  equal  capacity  to  the  pipe,  a 
good  flush  is  procured,  and  the  descent 
of  water,  passing  down  the  soil-pipe, 
acting  in  a  zig-zag  and  spiral  form,  pro- 
duces an  effect  similar  to  the  solid  water- 
piston  described,  and  it  has  the  advant- 
age of  being  more  gradual  in  its  action, 
and  thereby  displacing  more  foul  air 
than  if  it  acted  suddenly.  All  open-top 
soil-pipes  having  no  exit  pipes,  lose,  to  a 
large  extent,  this  piston  power  for  dis- 
placing foul  air,  and  those  having  an 
opening  near  the  ground  (as  in  some 
systems)  act  as  I  have  described,  but 
with  the  disadvantage  that,  upon  each 
occasion  of  the  closet  being  used,  a 
portion  of  foul  air  is  forced  out  of  such 
an  opening,  and  it  becomes  in  course  of 


time  very  objectionable;  for  we  all  ob- 
ject to  a  disagreeable  odor  under  our 
noses,  and  in  the  vicinity  of  our  doors 
and  windows.  The  double-check  system 
has  the  advantage  of  being  free  from  the 
objections  I  have  pointed  out,  the  soil- 
pipes  and  drains  being  open  at  either 
end,  so  that  any  foul  air  in  them  may  be 
displaced,  are  easily  acted  upon,  and  I 
have  found  that  a  bucket  of  warm  water 
thrown  down  the  kitchen  sink  has  caused, 
a  current  of  air  to  circulate  through  the 
pipes ;  and  a  leaky  water  tap,  allowing  a 
small  quantity  of  water  to  pass  down  the 
drain  constantly,  has,  during  the  night, 
and  at  other  times,  caused  a  moderate 
flow  of  air  in  one  direction ;  and  also  in 
the  arrangement  of  pipes,  when  one  pipe 
is-  at  the  back  of  the  house,  and  the 
other  at  the  front,  should  the  sun  shine 
upon  one  pipe,  the  heat  produced  will 
cause  a  free  circulation,  so  long  as  one 
pipe  is  warmer  than  the  other.  Of 
course,  the  various  powers  described  do 
occasionally  act  one  against  the  other; 
there  may  be  times  when  the  water- 
piston  would  be  forcing  air  in  one  direc- 
tion, and  the  bucket  of  water  in  the 
other,  but  in  practice  this  has  but  little 
effect  upon  the  successful  working  of  the 
system.  Upon  examination,  I  have 
found  the  drain  and  soil-pipes  very  free 
from  foul  gases. 

Some  sanitarians  advocate  non-trap- 
ping, but  I  have  a  strong  conviction  of 
the  usefulness  of  suitable  traps  for 
water-closets,  baths,  sinks,  and  lavato- 
ries. 

The  closet  pans  I  prefer  are  of  the 
wash-out  type,  with  large  flush  pipes, 
thus  avoiding  D-traps  and  valves;  and 
where  practicable,  I  fix  a  simple  form  of 
grease  and  flush  tank  in  a  suitable  posi- 
tion, so  that  the  kitchen  grease  may  be 
removed  periodically,  and  buckets  of 
water  thrown  in  to  flush  the  house 
drains  at  any  time. 

I  have  not  attempted  in  my  paper  to 
bring  before  you  the  mode  by  which  air 
and  soil-pipes,  when  in  sight,  should  be 
treated  architecturally,  but  have  pre- 
ferred to  confine  my  paper  to  a  simple 
description  of  the  double-check  system; 
but  I  am  quite  alive  to  the  fact  that  the 
treatment  of  soil  and  air-pipes  should 
have  some  consideration  from  my  pro- 
fessional brethren.  There  is  no  reason 
why  they  may  not  be  successfuly  treated 
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so  us  to  harmonize  with,  rather  than  dis- 
grace, the  building  with  Which  they  are 
■dated. 

The  principles  I  have  endeavored  to 
establish  are: — 

1.  That  a  mass  of  water  thrown  down 
a  pipe  will  force  air  before  it,  and  cause 
air  to  follow  it,  and  thereby  a  temporary 
circulation  of  air  will  take  place;  and  if 
the  pipes  are  of  the  form  of  the  letter  U, 


air  will  pass  into  one  leg  and  out  of  the 
other. 

2.  That  a  slight  current  of  air,  enter- 
ing the  bent  ends  of  a  U-shaped  pipe, 
will  cause  air  to  circulate  through  such 
pipe. 

3.  That  a  flow  of  air  through  a  water 
trap  will  pass  through  a  second  trap, 
unless  there  be  means  provided  for  its 
exit  between  the  traps. 


THE  HOWE  TRUSS  BRIDGE  QUESTION. 

By  C.  L.  CRANDALL,  (J.  E. 

Written  for  Van  Nostrand's  Magazine. 


In  the  article  on  "A  Wooden  Howe 
Truss  Bridge"  published  in  the  last 
Magazine,  I  find  a  few  mistakes  or  over- 
sights which,  when  corrected,  consider- 
ably modify  the  results. 

First.  For  the  central  truss  the  live 
load  is  assumed  to  be  two  locomotives 
weighing  2000  lbs,  per  foot  on  each 
track,  and  the  web  strains  are  found  on 
the  supposition  that  each  train  extends 
the  whole  length  of  the  bridge. 

With  one  track  uniformly  loaded,  it  is 
proved  in  elementary  works  on  bridges 
that  for  any  bay,  the  greatest  main  brace 
strain  occurs  when  the  bridge  is  loaded 
only  to  the  remote  end,  and  the  greatest 
counter  brace  strain  when  it  is  loaded 
only  to  the  near  end.  With  two  tracks 
and  the  trains  moving  in  opposite  direc- 
tions, whenever  the  rear  of  one  train 
meets  the  front  of  the  other,  both  tracks 
will  be  loaded  from  this  point  to  one  end 
of  the  bridge,  and  unloaded  from  this 
point  to  the  other  end;  and  as  this  may 
happen  at  any  point  of  the  bridge,  it 
follows  that  the  web  strains  must  be 
computed  for  the  entire  2000  lbs.  per 
foot,  moving  on  from  one  end  until 
covering  the  bridge.  This  gives  (with 
the  usual  assumption,  that  the  load  is 
added  as  concentrated  loads  at  each 
joint  in  succession)  for  the  vertical  com- 
ponents of  the  strains  on  the  braces  due 
to  the  moving  load,  16500,  27500,  41250, 
57750  and  77000  respectively,  instead  of 
16500,  11000,  33000,  55000,  and  77000  as 
given  by  the  author.  Hence,  stress  on 
first  pair  main  braces 
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=  (77000  x  1. 13)  +  34230  =  121240 ; 
on  fifth  pair,  or  counter  brace, 

=  (16500  X  1.13)  -  4890=13755, 
on  the  verticles, 

5800  +  27500=33300, 
10150  +  41250=51400, 
18800  +  57750=76550, 
27450  +  77000=104450, 
respectively. 

Second.  The  strains  at  the  centers  of 
the  upper  and  lower  chords  are  assumed 
equal.  But  at  the  upper  chord  the  hori- 
zontal thrust  of  the  central  braces  is 
taken  up  directly  by  the  angle  block, 
leaving  the  stress  on  this  chord,  even  at 
the  central  point,  less  than  on  the  lower 
one  by  the  horizontal  thrust  of  the 
central  braces.  The  vertical  component 
of  the  stress  on  the  central  braces,  for 
uniform  load  over  the  entire  bridge, 
equals  4328 +.11000  =  15328. 

Hence  horizontal  component 

=  15328x^=8030; 

and  stress  on  4th  bay  upper  chord 
equals  stress  at  middle  lower  chord, 
minus  8030, 

=  128460-8030  =  120430. 
Again  it  is  claimed  that  since  the 
upper  chord  is  composed  of  four  pieces, 
each  piece  should  be  treated  as  a  post 
acting  separately.  But  these  pieces  are 
securely  fastened  together  by  bolts  and 
packing    blocks    at    two     intermediate 
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points,  leaving  about  5  feet  as  the  great- 
est length  in  which  they  can  act  separ- 
ately. Each  piece  5  feet  long  will 
resist,  per  square  inch,  by  the  formula 
used  by  the  author 


5000 


1  + 


(5X12): 
62 


X.004 


=3570  lbs, 


while  for  the  whole  beam,  we  have 


5000 


1  + 


(11  +  12)* 
12s 


=3370  lbs. 


X.004 


which  justifies  taking  the  chord  as  a 
whole. 

The  angle  and  packing  blocks  reduce 
the  section  of  the  chord  some  20  per 
cent.,  which  with  good  joints  should  not 
materially  reduce  the  strength  for  com- 
pression. 

Hence  breaking  strength=3370  x  12  x  24 
=  970560;  or  if  we  allow  10  per  cent,  for 
poor  joints 

=970560-  97060=873500. 

Third.  The  main  and  counter  braces 
are  securely  bolted  at  their  intersections. 
Hence  only  the  free  length,  or  about 
11.5  feet,  should  be  substituted  in  the 
formula,  giving  for  the  main  braces, 

5000  ftftnA„ 

—  =22801bs.pr.sq.in., 


1  + 


(1L5  X 12) : 

~  8a  " 


X.004 


or     2280  x  8  X 10  X  2  =  364800 
breaking  strength. 
For  the  counters 


lbs.     for 


5000 


1  + 


(11.5x12)' 

7.52 


=  2120    lbs.,    and 


X.004 


breaking  strength 

=2120x7.5x7.5=118720. 

The  vertical  stress  assumed  by  the 
author  to  come  upon  the  counter  is  the 
portion  of  the  weight  upon  the  drivers, 
which,  when  at  the  third  panel  point, 
would  tend  to  pass  to  the  farther  abut- 
ment, or  §  of  44000.  With  the  drivers 
of  two  engines  meeting  at  the  third 
panel  point,  since  the  driving  wheel  base 
is  about  8  feet,  only  T\  of  the  weight,  or 


28000  lbs.  can  be  supported  at  the  third 
panel  point,  while  either  the  most  of  the 
28000  lbs.  on  the  trucks,  or  the  20000  to 
40000  lbs.  on  the  tenders  must  rest  on 
panel  points  beyond  the  third,  thus 
tending  to  relieve  the  counter  more  than 
the  extra  6000  lbs.  at  the  point  tends  to 
strain  it,  so  that  for  this  position  of  the 
two  engines  the  stress  on  the  counter 
must  be  less  than  that  already  found  by 
considering  the  live  load  to  move  on  to 
the  bridge. 

Fourth.  The  strength  of  the  fourth 
bay  of  the  lower  chord  is  computed  on 
the  supposition  of  an  actual  cross-section 
of  13x24,  while  if  of  the  usual  type 
there  are  only  3  pieces  and  a  splice  plate 
about  1.5x13  at  the  center;  and  the 
angle  blocks  cut  off  1  inch  in  depth,  and 
about  3  in  width  at  the  panel  point,  leav- 
ing a  section  of  12  X  21. 

When  a  pair  of  drivers  from  each 
engine  rests  on  the  center  of  the  fourth 
panel,  the  rest  of  the  bridge  being 
loaded,  we  have  a  tension  at  the  panel 

point  of  —x — ^-=510    lbs.    per    square 

inch,  due  to  the  chord  acting  as  a  chord. 

As  a  beam,  it  has  a  concentrated  live 
load  of  22000  lbs.,  and  a  distributed 
dead  load  of  4700  lbs.  The  effect  of  the 
track  stringers  will  be  to  tend  to  dis- 
tribute the  concentrated  load,  and  to 
carry  a  part,  or  say  all,  of  the  uniform 
load  above  them,  viz:  about  1700  lbs. 

3000  lbs.  distributed  load  is  equivalent 
to  3000xf=2000  lbs.  concentrated  at 
the  center. 

Substituting  in  the  formula  for  a  beam 
built  in  at  both  ends  and  loaded  at  the 
center, 


24000x11x12     Kx21xl25 


8 


6 


K=79.0,= 


tension  on  upper  fibres  at  panel  point. 
Adding  this  to  the  tension  existing  as  a 
chord,  we  have  for  the  total  tension, 


790  +  510=1300  lbs. 


The    breaking 

author =6000 

.  ,  6000 

safety  = 


strength    used    by 
lbs.      Hence    factor 


the 
of 


=  5. 


1300 

Collecting  the  results,  we  have 
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1st  Rod 

2nd  Rod 

3rd  Rod 

4th   Rod 

Upper  Chord. . 
End  Braces . . 
Counter  Brace 
Lower  Chord. . 


Stress. 


104450 
76550 
51400 
88800 

120430 
121240 
13755 


Breaking 

Load. 


Factor. 


282000 

2  7 

212040 

2  7 

180000 

8.5 

154800 

4 

873500 

7 

304800 

3 

118720 

8.5 



5 

None  of   the   details    of   construction 
were   given,   hence   the   bridge  was  as- 


sumed  to   be  of   the   ordinary   type  of 
Howe  truss. 

It  may  be  worth  while  to  note  that 
should  we  use  for  the  compression 
pieces  the  table  given  by  Whipple,*  an 
excellent  authority  on  wooden  bridges, 
the  factor  for  the  upper  chord  would  be 
7.5,  and  for  the  end  brace  4.5,  leaving 
the  woodwork  of  the  bridge  quite  well 
proportioned,  although  too  light  for 
the  traffic. 

*  Practical  Bridge  Construction,  p.  276. 


RENDERING  WOOD  FIREPROOF. 


From  "The  Building  News." 


At  the  meeting  of  the  British  Associa- 
tion recently  held  at  Sheffield,  amongst 
the  many  novelties  that  came  before  that 
body  was  one  relating  to  the  preserving 
of  wood  from  fire.  The  inventor,  accord- 
ing to  the  Timber  Trades  Journal,  is 
Colonel  P.  P.  De  la  Sala,  and  amongst 
the  various  models  and  specimens  exhib- 
ited by  him  at  the  Cutlers'  Hall,  Sheffield, 
before  the  Association,  were  non-inflam- 
mable wood  for  building  purposes,  pli- 
able wood,  fretwork,  besides  shavings  of 
non-inflammable  wood  for  the  manufac- 
ture of  mats,  rope,  &c. 

The  groundwork  of  Colonel  De  la  Sala's 
invention  consists  of,  if  not  absolutely 
destroying,  at  any  rate  modifying  the 
brittle  and  inflammable  properties  of  dry 
vegetable  substances,  either  in  their  com- 
pact or  fibrous  state.  The  inventor  thus 
explains  his  peculiar  method,  already  pat- 
ented : — 

"Though  all  alkaline  compounds  re- 
veal the  property  of  rendering  vegetable 
matter  more  or  less  pliable  and  non-in- 
flammable, I  preferably  make  use  of  car- 
bonates of  fixed  alkalies  in  the  following 
way.  I  dissolve  in  cold  or  warm  clear 
water  carbonates  of  potash  or  soda,  or  I 
make  use  of  them  in  a  solution  of  filtered 
water  heated  to  the  boiling  point,  and 
add  hydrate  of  lime  to  this  solution, 
graduating  the  strength  so  as  not  to  ex- 
ceed a  specific  gravity  of  1.060 — if  potash 
is  used,  or  1.050  when  soda  is  used.  In 
the  first  case  the  strength  of  the  solution 


corresponds  to  about  thirty  grains  of 
hydrate  of  potash  to  the  fluid  ounce,  pr 
about  twenty  grains  of  hydrate  of  soda 
to  the  fluid  ounce.  Wood  to  be  used  in 
naval  construction,  and  in  buildings  or 
structures  of  wood  on  land,  as  well  as 
vessels  and  land  buildings  already  con- 
structed, can  be  rendered  fireproof  by 
saturating  the  floors  and  decks  and  all  ex- 
posed woodwork  with  alkaline  lyes,  and 
when  dry  the  wood  may  be  whitewashed, 
painted,  or  varnished  in  the  usual  way." 

With  reference  to  larger  timber  the 
inventor  goes  on  further  to  state : — 

"  For  boards,  planks,  or  thicker  pieces 
of  timber  I  graduate  the  time  of  immer- 
sion so  as  to  form  a  coating  of  from  one- 
sixteenth  to  one-eighth  of  an  inch,  which 
can  be  obtained  in  from  four  to  twelve 
hours,  according  to  the  more  or  less  po- 
rous nature  of  the  wood  or  the  compact- 
ness of  its  fibre.  I  consider  a  coating  of 
about  one  eighth  of  an  inch  deep  to  be  a 
sufficient  fire  protection  for  all  kinds  of 
timber  for  building  purposes,  as  the 
spread  of  fire  and  great  conflagrations 
generally  originate  in  relatively  small 
causes,  such  as  burning  cinders,  dropped 
sparks  from  fireplaces,  matches  accident- 
ally ignited,  inflamed  liquids,  candles 
left  burning;  but  the  fireproof  coating 
can  be  made  deeper,  or  even  go  through 
the  whole  timber,  in  the  event  of  its 
being  considered  desirable  to  combine 
great  flexibility  with  absolute  non-inflam- 
mability.    In  this  case  I  make  use  of  hy- 
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draulic  or  other  pressure,  so  as  to  force 
the  alkaline  lyes  through  the  wood  to  the 
extent  desired." 

When  veneers  are  operated  upon,  it 
seems  they  are  immediately  afterwards 
rolled  between  steel  rollers  or  pressed 
between  steel  plates.  Wood  thus  treated, 
says  Colonel  De  la  Sala,  is  proof  against 
any  ordinary  heat.  Whether  the  inven- 
tion will  really  accomplish  as  much  as 
the  originator  claims  for  it,  experience 


only  will  show.  There  may  be  consider- 
able value  in  this  process  for  destroying 
combustibility,  but  it  remains  to  be  seen 
whether  it  is  better  than  every  other 
mode  of  treating  wood  for  the  same  ob- 
jects, and  at  the  same  cost.  Common 
paint  or  white  lead  thickly  laid  on  rend- 
ers wood  to  a  certain  extent  unignitable 
from  the  painted  surface,  but  if  once  the 
body  of  the  wood  is  ignited  the  external 
paint  checks  the  burning  but  little. 


ELECTRICITY  AS  A  MOTIVE  POWER.* 


By  Prof.  W.  E.  AYKTON. 
From  "Nature." 


The  lecturer  commenced  by  referring 
to  the  stagnation  of  trade,  to  the  various 
remedies  that  had  been  proposed  to 
relieve  it,  and  to  the  fact  that  while 
some  were  maintaining  and  others 
stoutly  denying  that  commercial  depres- 
sion could  be  cured  by  legislation,  we 
were  too  apt  to  forget  that  there  existed 
a  means  by  which,  without  lessening  the 
wages  of  the  workman  or  the  profit  of 
the  master,  the  cost  of  production  could  be 
diminished,  prices  lowered,  and  the  fall- 
ing trade  of  England  resuscitated.  He 
next  considered  the  consumption  of  coal 
for  various  purposes  yearly  in  Sheffield, 
and  showed  that,  although  the  price  of 
coal  in  that  town  was  very  low,  being 
only  five  shillings  per  ton  for  steam  coal, 
the  total  annual  cost  for  Sheffield  alone 
must  be  something  like  £790,000.  Act- 
ual instances  were  then  given  of  great 
saving  being  effected  by  water-power 
being  employed  on  a  large  scale  for 
doing  mechanical  work.  Contrasted 
with  this,  calculation  showed  that  at  the 
Falls  of  Niagara  as  much  power  was 
wasted  as  could  be  produced  by  the  total 
present  annual  consumption  of  coal 
throughout  the  whole  world.  And  when 
it  was  remembered  that  there  existed  in 
the  world  other  waterfalls  besides  Niag- 
ara, that  we  had  also  innumerable  rapid- 
ly-flowing rivers,  the  important  fact, 
well-known  to  scientific  men,  but  one 
which  it  was  so  difficult  to  induce  the 


*  Abstract  (by  the  Author)  of  the  British  Association 
lecture  delivered  to  4,000  workingmen  of  Sheffield,  Aug- 
ust, 23,  1879. 


world  at  large  to  grasp,  stared  us  in  the 
face — that  we  obtained  in  a  laborious 
way  from  the  depths  of  the  earth  the 
power  we  employed,  and  we  let  run  to 
waste,  every  hour  of  our  lives,  many, 
many  times  as  much  as  we  used. 

Again,  even  in  a  perfectly  flat  country, 
where  waterfalls  were  unknown,  the 
question  of  the  economic  transmission 
of  energy  had  no  less  interest ;  for  large 
steam-engines  could  be  worked  much 
more  economically  than  small  ones,  large 
steam-engines  requiring  a  consumption 
of  only  two,  or  two  and  a  half,  pounds, 
of  coal  per  horse-power  per  hour,  where- 
as small  steam-engines  burned  eight  or 
ten  pounds,  or  even  more.  And  even 
where  large  economical  engines  were 
employed  there  was  often,  as  in  the 
gigantic  cotton-spinning  mills  in  Man- 
chester, an  enormous  waste  of  power  in 
the  shafting  used  in  transmitting  it  from 
the  engine  at  the  base  of  the  factory  to 
all  the  different  floors,  and  parts  of.  each 
floor,  a  waste  so  great  that,  in  spite  of 
the  extreme  inefficiency  of  small  engines, 
it  had  been  proposed,  as  an  economical 
measure,  to  replace  the  one  large  steam- 
engine  by  many  small  ones,  each  driving 
two  or  three  machines  direct. 

The  lecturer  then  proved  numerically 
that  (contrary  to  the  views  expressed  by 
some  people)  it  was  impossible  to  use 
economically  in  a  town,  for  motive 
power,  the  water  already  brought  in 
pipes  to  the  houses  for  drinking  pur- 
poses, since  in  most  towns  power  so 
produced  would  cost  about  one  shilling 
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per  horse-power  per  hour,  and  although 
in  Sheffield  the  great  head  of  the  water 
would  diminish  this  to  about  tivepence 
per  horse-power  per  hour,  still  this  had 
to  be  compared  with  considerably  less 
than  one  farthing  per  hour,  the  low  cost 
in  Sheffield  of  producing  each  horse- 
power with  a  very  large  good  steam- 
engine. 

Experience  was  leading  us  to  see  that 
it  was  to  electricity  that  we  must  resort 
to  obtain  a  carrier  that  would,  at  a  small 
cost,  transport  our  motive  power  over 
long  distances,  and  as  an  illustration 
that  the  electric  transference  of  energy 
on  a  large  enough  scale  to  be  of  practic- 
able value  was  possible,  knives  were 
ground  on  the  platform  by  power  con- 
veyed about  a  quarter  of  a  mile  through 
wires  carried  over  the  houses,  a  Siemens' 
dynamo-machine  being  employed  at  the 
one  end  to  convert  into  electricity  the 
motive  power  supplied  by  a  steam-en- 
gine, and  a  similar,  but  smaller,  Siemens' 
dynamo-machine  being  used  on  the  plat- 
form at  the  other  end  to  reconvert  into 
motive  power  the  electric  current  con- 
veyed by  the  wires. 

The  principles  on  which  dynamo-elec- 
tric machines  and  electro-motors  act 
were  then  entered  into  fully  experiment- 
ally, and  reference  was  made  to  the  first 
electro-motor  ever  made — that  construct- 
ed by  Salvator  del  Negro  in  1831 — as 
well  as  to  the  improvements  introduced 
into  it  by  Jacobi,  who  replaced  the  oscill- 
ating motion  by  a  rotatory  one;  different 
forms  '  of  modern  electro-motors  were 
then  shown  in  action  driving  sewing- 
machines,  &c.  It  was  mentioned  that 
although  Jacobi  abandoned  his  electro- 
motor used  to  propel  a  boat  on  the  Neva 
because  the  fuel  cost  too  much,  still, 
that  the  subject  of  electro-motors  was 
none  the  less  practically  important  be- 
cause we  had  since  learnt  why  the  old 
form  was  such  an  expensive  producer  of 
power,  and  what  was  the  proper  duty  to 
be  performed  by  electro-motors. 

It  was  this  very  question : — Can  an 
electric  engine  be  made  to  work  more 
economically  than  a  steam  engine?  that 
first  attracted  Joule,  of  Manchester,  in 
1843,  to  commence  that  all-important  in- 
vestigation, which  lasted  for  six  years,  the 
determination  of  the  mechanical  equiv- 
alent of  heat. 

Formerly,  electric  currents  were  almost 


entirely  produced  by  galvanic  batteries, 
in  which  zinc  was  burnt  just  as  in  the  fur- 
nace1 of  a  steam  engine  coke  was  burnt. 
The  amount  of  heat  that  could  be  got 
from  burning  a  pound  of  zinc  could  be 
ascertained  in  the  same  way  as  the  amount 
of  heat  produced  by  the  burning  of  a  pound 
of  coal,  but  the  fact  that  the  latter  was 
about  seven  times  the  former  was  of  little 
value  in  the  science  of  electro-motors,  un- 
til Joule  had  proved  that  a  certain  quan- 
tity of  heat  was  always  equivalent  to  ex- 
actly the  same  quantity  of  work,  no  mat- 
ter how  the  heat  be  produced ;  had 
proved  in  fact  that  energy  was  as  inde- 
structible as  matter,  a  law  which  had  for 
one  of  its  proofs  the  long  unsuccessful 
search  for  a  perpetual  motion. 

As  a  result  of  this  law  of  the  conserva- 
tion of  energy  Prof.  Ayrton  went  on  to 
show  that  since  a  pound  of  ordinary  coal 
burning  gave  out  seven  times  as  much 
heat  as  the  burning  of  a  pound  of  zinc, 
we  might  say  at  once,  that 'a  steam  engine 
would  give  seven  times  as  much  work  as 
an  electric  engine  for  equal  weights  con- 
sumed, if  in  both  cases  all  the  heat  could 
be  turned  into  work;  or,  since  zinc  was 
about  twenty-four  times  as  dear  as  coal, 
that  a  steam  engine  would  be  about  150 
times  as  economical  as  an  electro-motor, 
j  worked  by  a  battery,  if  in  both  cases  all 
j  the  heat  were  converted  into  work. 

But  so  far,  he  said,  "we  have  only  con- 
!  sidered  the  law  of  '  Conservation  of  En- 
ergy.'     There  is,  however,  another,  and 
no  less  important,  principle  called  the 
1  'Dissipation  of  Energy;'   and   this   law 
!  tells  us  that  although  the  energy  of  a 
system   cannot    by    itself     increase     or 
diminish,  yet  our  power  to  convert  one 
form  of  energy  into  another  is  continu- 
ally growing  less,  our  stock  of  available 
!  energy  is  gradually  failing.     Our  moun- 
I  tain  lakes,  our  vast   store  of  coal,   are 
practically  useless  until  either  the  water 
:  is  set  in  motion  rolling  down  the  hillside, 
or  until  the  particles  of  the  coal  are  set 
in  rapid  vibration  as  it   slowly   burns ; 
energy  of   position,  energy  of   chemical 
affinity,  are  of  no  use  to  the  manufac- 
turer until  turned  into  kinetic  energy  or 
energy  of  motion.     But  from  friction  of 
various  kinds,  whenever  energy  exists  in 
the  kinetic  form,  some  portion  of  it  is 
being  continually  converted   into   heat. 
Whenever  man  or  nature  utilizes  energy, 
it  must  be  first  turned  into  some  kinetic 
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form,  and  whatever  be  the  aim  of  the 
special  machinery  employed,  some  of 
this  energy  passes  into  heat.  We  can- 
not make  even  a  clock  go  without  regu- 
lar winding  up,  although  the  only  useful 
work  done  by  the  clock  is  to  turn  its 
hands  at  regular  speeds;  the  earth's 
energy  of  rotation  is  now,  like  the 
moon's  in  past  ages,  gradually  growing 
less,  and  is  being  converted  into  heat  on 
account  of  tidal  retardation;  the  earth 
moon,  and  sun,  and  all  the  planets  are 
losing  their  energies  of  motion  and  rela- 
tive positions,  to  be  all  ultimately  turned 
into  heat. 

"But  at  any  rate,  it  will  be  said,  there 
will  still  remain  the  heat,  and  since  heat 
can  be  converted  back  into  other  forms 
of  energy,  we  shall  be  none  the  worse 
off.  But  it  must  not  be  forgotten,  that 
whenever  heat  is  produced  some  passes 
off  by  conduction  through  even  our  best 
non-conducting  substances,  and  by  radi- 
ation into  space  from  even  our  best  non- 
radiating  surfaces;  and  this  conducted 
and  radiated  heat,  although  it  may 
impart  some  trifling  warmth  to  unseen 
worlds,  is,  for  the  greater  part,  entirely 
lost  to  our  universe.  And  even  were  it 
not  so,  even  had  we  perfectly  non-con- 
ducting coatings,  and  perfectly  non-radi- 
ating surfaces — had  we,  in  fact,  the  most 
perfect  heat  engine  that  our  study  of  the 
science  of  heat  would  lead  us  to  believe 
theoretically  possible,  one  with  no  fric- 
tion, no  loss  of  heat  by  conduction 
through  the  sides  of  our  cylinders,  and 
no  radiation  from  their  surfaces — still 
our  power  to  convert  heat  into  other 
forms  of  energy  would  be  very  limited. 
For  if  there  are  two  bodies,  one  hotter 
than  the  other,  we  can  employ  an  engine, 
like  a  steam-engine,  to  convert  part  of 
the  heat  in  the  hotter  one  into  some 
other  form  of  energy;  but  the  amount 
of  heat  converted,  with  even  this  ideal 
perfect  engine,  will,  with  such  tempera- 
tures as  are  met  with  in  practice,  only 
be  a  fraction  of  what  necessarily  passes 
through  the  engine  from  the  hot  body 
to  the  cold,  and  warms  up  the  latter; 
and  as  our  whole  power  of  conversion  of 
heat  into  work  depends  on  the  difference 
of  temperature,  we  lose  it  altogether 
when  we  have  brought  all  parts  of  a  sys- 
tem to  the  same  temperature,  no  matter 
how  high  this  temperature  may  be. 

"It  is  not,  therefore,  sufficient  to  say 


that  the  burning  of  a  pound  of  coal  pro- 
duces seven  times  as  much  heat  as  the 
burning  of  a  pound  of  zinc ;  but  we  must 
consider  what  fraction  of  the  heat  thus 
produced  is  converted  into  useful  work 
in  a  heat  and  in  an  electric-engine  re- 
spectively. 

"  As  already  mentioned,  our  most  per 
feet  steam-engines  can  be  made  to  pro- 
duce one-horse  power  with  the  consump 
tion  of  2  lbs.  of  coal  per  hour.  Now, 
the  burning  of  2  lbs.  of  coal  will  pro- 
duce enough  energy  to  raise  18,528,000 
pounds  one  foot,  or  will  produce 
18,528,000  foot  pounds  of  work.  Now, 
one  horse-power  is  equivalent  to 
1,980,000  foot  pounds  of  work  per 
hour ;  therefore,  as  regards  the  total 
energy  in  coal,  even  our  best  steam- 
engines  only  utilize  f  of  it,  and  waste  f . 
But,  as  already  mentioned,  even  a  per- 
fect engine  cannot,  with  the  ordinary 
temperature  available,  utilize  the  whole 
of  the  heat  of  the  fuel.  In  fact,  theory 
tells  us  that  the  efficiency  of  a  perfect 
heat  engine,  or  the  ratio  of  the  work 
done  to  the  maximum  work  obtainable 
from  the  consumption  of  the  fuel,  is 
equal  to  the  ratio  of  the  number  of 
degrees  of  temperature  through  which 
the  steam  is  cooled  in  doing  work  to  the 
highest  temperature  of  our  steam,  when 
we-  take  as  our  zero  of  temperature  a 
point  460°  below  the  ordinary  zero  of 
the  Fahrenheit  scale. 

"  Now,  in  our  best  steam-engines,  the 
steam,  when  it  begins  to  push  the  piston 
by  expanding,  has  a  temperature  of 
about  300°  F.,  and  at  the  end  of  the 
stroke  a  temperature  of  100°  F.,  so  that 
the  efficiency  of  a  perfect  ideal  engine 
working  between  these  temperatures  is 
only  about  J,  not  so  very  much  greater 
than  that  of  best  practical  engines. 

"  No  great  advance  can  be  made,  then, 
in  a  heat  engine,  except  by  making  the 
temperature  of  the  working  substance, 
steam,  gas,  or  whatever  it  may  be,  much 
higher.  If,  for  example,  we  could  raise 
the  temperature  of  the  working  sub- 
stance as  high  as,  say,  3,000°  F.,  the  tem- 
perature of  combustion,  and  could  make 
it  leave  the  engine  without  artificial  cool- 
ing at  the  ordinary  temperature  of  the 
air,  which  is,  say,  60°  F.,  then  a  perfect 
heat  engine,  under  these  conditions, 
would  only  waste  about  -^  of  the  total 
energy ;  consequently,  assuming  that  we 
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could,  at  these  high  temperatures,  make  obtain  work  ??iost  quickly — that  had  gen- 

a  practical  engine  as  good  relatively  to  erally  been  taken  into  account,  whereas 

an   ideal   perfect   engine   as  we   can   at  it  was  the  other  one — or  how  to  transmit 

lower    temperatures,    then    a    practical  work    most    economically,    that    would 

engine  would  only  waste  475  of  the  total  specially  engage  their  attention  during 
energy,   or  would  have  an  efficiency  of ;  the  lecture. 

about  0-84.  And  in  connection  with  the  latter  inax- 

'•  But,  with  our  present  knowledge,  to  iniuni  value   he  said,  "  Let  us  consider 

work  with  steam  or  gas  at  a  temperature  that  we  work   our   motor   in   the   most 


of  3,000°  F.  is  almost  as  ideal  as  an  en- 
gine with  no  friction  and  with  no  loss  of 
heat  by  conduction  and  radiation.  We  are, 
therefore,  led  to  the  conviction  that  as  it 
is  solely  by  working  with   steam  at  very 


efficient  way — that  is  very  fast  with  a 
small' load,  and  let  us  suppose  as  an  ex- 
treme case  that  by  so  doing  the  efficiency 
is  so  little  short  of  unity  that  we  may 
regard  it  as  one  ;  then  since  an  electro- 


high  temperatures  that  the  efficiency  of  motor  worked  by  a  battery  in  which  zinc 
steam-engines  can  be  seriously  increased,  is  burnt  is  150  times  as  costly  to  main- 
it  may  be  well  to  consider  whether  it  is  tain  as  a  steam  engine  for  equal  efficien- 
not  possible  to  economically  replace  the  cies,  the  best  electro -motor  worked  by 
steam  engine  with  some  other  form  of  such  a  battery  will  be  thirty-three  times 
motor."  as  dear  as  our  best  steam  engines  having 

It  was  then  proved  theoretically  and  an  efficiency  of  -f.  We  may,  therefore, 
experimentally  that  whenever  an  electro- .  throw  on  one  side  at  once  all  idea  of 
motor  is  being  worked  by  an  electric  cur-  electro-motors  worked  by  ordinary 
rent  it  is  acting  as  a  magneto-electric !  batteries  even  although  the  electro- 
machine  and  producing  a  reverse  current  I  motors  be  perfect.  Now,  this  result 
tending  to  stop  the  motion.  is    most    important,    since    it    shows — 

The  lecturer  then  explained  that,  when  !  not  that  an  electro-motor  as  a  machine  is 
an  electro-motor  is  worked  by  a  given  j  inefficient,  but  it  tells  us  that  attempting 
galvanic  battery,  calculations  lead  us  to  to  drive  it  with  a  galvanic  battery  is  the 
the  result  that  if  we  wish  to  produce  the  |  hopelessly  inefficient  part  of  the  arrange- 
work   most   economically   we   must,    by  j  ment. 

dimmishing  the  load  on  the  motor,  allow  "  But  if  we  turn  to  the  question  of 
its  speed  to  increase  until  the  reverse  j  using  electro-motors  for  the  transference 
current  it  produces  is  only  a  little ;  of  power,  then  there  is  no  difficulty 
smaller  than  that  sent  by  the  battery  ;  about  burning  zinc,  and  the  high  effi- 
in  fact,  until  the  current  circulating  ciency  of  such  motors  is  all-important, 
through  the  arrangement  is  very  small,  |  "  For  in  the  case  of  natural  sources  of 
in  which  case  the  efficiency  of  the  engine,  \  power,  such  as  waterfalls,  we  have 
or  the  ratio  of  the  work  it  produces  in  a  ;  merely  to  consider  what  amount  of 
given  time  to  the  maximum  work  it  could  energy  will  be  produced  at  the  distant 
produce  from  the  same  consumption  of  i  factory ;  will  it  be  sufficent  to  repay  the 
material  is  nearly  unity.  If,  on  the  expense  of  putting  up  wires  from  the 
other  hand,  we  desire  a  given  battery  to  source  to  the  factory,  together  with  the 
cause  the  motor  to  do  work  most  quickly,  >  cost  of  the  two  dynamo-electric  ma 
independently   of    the    consumption    of  chines,  or  will  it  be  cheaper  to  put  up 


and   use   a 


small   steam-engine 


having 


material,   then  calculation  tells  us   that 

we  ought  to  put  such  a  load  on  the  i  probably  an  efficiency  of  only  ^  ? 
motor  that  its  speed  will  send  a  reverse  I  "  When  the  distance  between  the 
current  equal  to  something  like  a  half  of '  source  and  the  motor  is  considerable, 
the  strength  of  the  current  the  battery  the  cost  of  putting  up  the  leading  wires 
could  send  through  the  motor  when  at  [  becomes  important,  and  the  question 
rest.  In  this  case  the  efficiency  is  about  therefore  arises,  can  two  or  more  people 
-J,  or  half  the  energy  is  wasted  in  heat.  use  the  same  leading  wires  without  in- 
He  impressed  upon  the  audience  that  creasing  the  thickness,  or  must  the  thick- 
the  difference  between  these  two  consid-  ness  of  the  wire  be  so  much  increased  as 
erations  of  maximum  values  ought  care- 1  to  make  the  construction  of  two  sets  of 
fully  to  be  borne  in  mind,  especially  as  leads  as  economical?  " 
it  was   usually   the   second — or  how  to  |      Prof.  Ayrton  explained  that  he  attach- 
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ed  great  importance  to  this  question, 
because  the  answer  to  it  would  decide 
whether  the  electric  transmission  of 
power  was  a  mere  dreamer's  fancy,  or 
was  likely  to  have  a  real  commercial 
future. 

A  detailed  examination  was  then  made 
of  the  laws  governing  the  transmission 
of  energy  by  water  power,  and  as  a 
result  of  the  fact  that  the  energy  of  a 
flow  of  water  depends  on  the  quantity 
and  on  its  head  it  was  shown  that,  as  far 
as  the  waste  of  power  by  friction  of  the 
water  in  the  pipes  was  concerned,  a  great 
pressure  in  the  reservoir  sending  a  small 
current  to  turbines  in  a  town  also  work- 
ing at  great  pressure,  was  an  extremely 
economical  mode  of  transporting  power, 
but  that  if  we  took  into  account  the 
inefficiency  of  existing  engines  for  pro- 
ducing a  great  pressure  of  water  at  the 
reservoir,  combined  with  the  great  waste 
of  power  arising  from  even  small  leak- 
ages that  were  certain  to  be  caused  by 
the  great  water  pressure,  it  followed  that 
the  system  was  an  impracticable  one. 

An  examination  was  then  made  of  the 
laws  governing  the  electric  transport  of 
energy,  and  the  lecturer  arrived  at  this 
result : 

"Just  as  we  concluded  in  the  case  of 
the  water,  that  the  most  efficient  method 
to  employ  in  order  to  transfer  the  ener- 
gy, was  great  pressure  in  the  reservoir, 
combined  with  turbines  in  the  town 
working  at  a  high  pressure,  so  now  we 
conclude  that  the  most  efficient  way  to 
transfer  energy  electrically,  is  to  use  a 
generator  producing  a  high  electromo- 
tive force,  and  a  motor  producing  a 
return  high  electromotive  force;  and  by 
so  doing,  the  waste  of  power  in  the 
transmission  ought,  I  consider,  be  able 
to  be  diminished  with  our  best  existing 
dynamo-electric  machines,  to  about  30 
per  cent. ;  for,  as  experiment  shows  the 
efficiency  of  our  best  existing  dynamo- 
machines  to  be  0.86  (that  is  86  per  cent, 
of  the  power  spent  in  revolving  the  bob- 
bins is  reproduced  as  an  energy  of 
electric  current);  therefore,  if  two  sim- 
ilar dynamo-electric  machines  be  coupled 
up  to  transmit  power,  and  if  they  are 
worked  most  economically  in  the  gen- 
eral way  I  have  already  explained,  and 
with  the  details  of  arrangement  that  I 
will  enter  into  later  on,  instead  of  being 
worked   so   that  the  motor    gives    out 


power  most  rapidly,  I  have  reason  for 
expecting  that  the  combined  efficiency 
of  the  arrangement  can  be  made  to 
closely  approach  the  square  of  0.86,  and 
not  merely  one-half,  as  commonly  sup- 
posed. 

"But  while  the  two  solutions  of  the 
problem  are  thus  identical,  there  is  this 
most  important  difference;  increasing 
the  pressure  of  the  water  means  an 
uneconomical  task,  while  increasing  the 
electromotive  force  set  up  by  a  dynamo- 
electric  machine,  or  an  electro-motor, 
means  merely  running  it  faster,  or  run- 
ning it  at  the  same  speed  and  putting 
more  wire  on  the  rotatory  portion. 

"  And  again,  assuming  that  the  mean 
electromotive  force  between  the  wire  and 
the  earth  be  as  much  as  one  hundred 
times  the  elctromotive  force  producing 
the  current,  namely,  the  difference  be- 
tween the  electromotive  forces  of  the 
generator  and  of  the  motor,  then  with 
the  ordinary  insulation  of  the  best  land 
telegraph  lines,  less  than  one  per  cent,  of 
the  energy  transmitted  ten  miles  would 
be  lost  by  leakage, 

"It  would  be  impossible  to  increase 
indefinitely  the  speed  of  revolution  of 
the  cylinder  of  an  induction  machine, 
since  apart  from  mere  mechanical  friction 
the  iron  constituting  the  core  of  the  re- 
volving part  has  to  be  magnetised  and 
demagnetised  very  rapidly  as  it  revolves* 
Now,  there  is  a  physical  limit  to  the 
speed  with  which  this  can  be  done,  and 
in  addition  this  rapid  change  of  magnet- 
ism heats  the  iron  very  much.  But  ex- 
periment shows  that  at  the  ordinary 
speed  of  revolution  of  dynamo-electro 
machines,  700  turns  per  minute,  the 
electromotive  force  is  proportional  to 
the  speed.  We  are,  therefore,  very  far 
yet  from  the  limit  of  speed.  Conse- 
quently it  would  be  well  for  the  trans- 
mission of  power  to  attempt  first,  a  con- 
siderable increase  of  speed  in  the  genera- 
tor, combined  with  so  light  a  load  on  the 
motor,  that  its  speed  is  also  very  high. 
When  this  begins  to  fail  as  larger  and 
larger  amounts  of  power  are  transmitted,, 
then  we  might  begin  increasing  the 
amount  of  wire  on  the  revolving  coils  of 
each;  but  this,  of  course,  has  the  objec- 
tion that  the  loss  of  power  from  a  given 
current  would  then  become  somewhat 
larger. 

"  In  some  of  the  dynamo -electric  ma- 
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chines,  the  current  that  is  sent  through 
the  external  wires  is  the  same  as  that 
which  circulates  round  the  fixed  electro- 
magnets to  create  the  magnetic  field  .in 
which  the  movable  coils  revolve.  Now, 
the  small  current  which  I  am  here  advo- 
cating should  pass  between  the  genera- 
tor at  the  one  end  of  the  line,  and  the 
electro-motor  at  the  other,  would  be  too 
small  to  properly  magnetise  the  fixed 
electro-magnets  of  the  two  machines,  so 
that  even  a  high  speed  of  the  bobbin 
will  not  produce  a  high  electromotive 
force.  But  this  difficulty  is  easily  over- 
come by  the  plan  already  employed,  for 
totally  different  reasons,  by  Gramme, 
Lontin  and  Wilde,  in  their  generator  for 
producing  currents  for  electric  lighting, 
viz.,  that  of  using  either  a  separate  ex- 
citer, or  a  separate  portion  of  the  revolv- 
ing bobbin  in  the  generator,  to  produce 
the  current  to  magnetise  the  fixed  elec- 
tro-magnets. In  connection  with  this 
current  for  exciting  the  fixed  magnets, 
it  is  worthy  of  notice,  in  passing,  to  ob- 
serve that  since  experience  shows  that 
the  electro-motive  force  of  a  dynamo- 
electric  machine  is  proportional  to  the 
velocity,  I  conclude  that  the  magnets  are 
saturated,  and  that  the  exciting  current 
is  already  too  strong,  so  that  it  may  be 
with  advantage  reduced,  or  many  fewer 
coils  of  wire  employed  in  this  portion  of 
the  machine. 

"We  have  then  been  led  to  this  most 
important  result,  which  I  hope  is  clear  to 
you  all,  and  which  I  trust  you  may  all 
carry  away  with  you — that  a  dynamo- 
electric  machine,  with  a  separate  exciter, 
driven  very  fast  with  a  steam  engine,  or 
with  a  stream  of  water,  at  high  or  low 
pressure,  and  sending,  by  even  quite  a 
fine  vrire,  a  small  current  to  a  distant 
electro-motor,  also  running  very  fast  and 
magnetised  by  a  separate  exciter,  is  an 
economic  arrangement  for  the  transmis- 
sion of  power." 

An  examination  was  then  made  of  the 
way  this  result  was  affected  by  increas- 
ing the  length  of  the  connecting  wires, 
and  it  was  proved  that  the  electric  trans- 
mission of  power  was  not  only  practical, 
but  also  very  economical,  both  for  short 
and  long  distances,  if  the  generator  of 
the  electric  current  at  one  end  of  the  line 
and  the  motor,  worked  by  this  electric 
current,  at  the  other  end  of  the  line, 
were  both  run  fast  enough,  and  if  only 


we  required  to  transmit  a  sufficiently 
large  quantity  of  power. 

The  lecturer  then  went  on  to  say, 
"  We  have  been  considering  the  transport 
of  power  derived  more  especially  from 
natural  sources:  but  since  we  have  seen 
that  by  the  use  of  electricity,  properly 
employed,  the  waste  of  power  in  trans- 
mission can  be  reduced  for  any  distance 
to  about  30  per  cent,  of  the  whole  power 
absorbed  at  the  generator,  it  follows  that 
the  employment  of  steam-engines  of  vast 
size  at  points  outside  Sheffield  would  be 
by  far  the  most  economical  mode  of  ex- 
tracting the  energy  out  of  coal.  For  it 
is  at  least  four  times  as  expensive  to  pro- 
duce power  with  a  small  steam-engine  as 
with  a  large  one  ;  therefore,  including 
the  waste  of  power  in  electric  transmis- 
mission,  the  cost  of  production  of  power 
in  small  workshops  would  be  little  more 
than  one-third  as  dear  as  if  small  steam- 
engines  were  used,  and  similarly  the 
the  waste  of  power  in  any  large  mill  or 
factory  in  its  transmission  from  the  large 
steam-engine  at  its  base  to  all  the  floors 
and  machines  on  each  floor  would  be 
very  much  diminished. 

"  Consequently  it  would  be  much 
more  economical  to  work  this  lathe  on 
the  platform,  as  I  will  now  proceed  to 
do,  by  a  big  steam-engine  in  Howard 
street,  several  hundred  yards  away,  than 
to  use  a  small  steam-engine  here  for  this 
purpose." 

He  then  reminded  them  that  not  only 
can  electricity  produce  motive  power, 
but  also  light  and  heat,  and  electric 
heating  and  lighting  had  this  great  ad- 
vantage, that  no  chimneys  were  required. 
Experiments  were  then  made  of  boiling 
water  and  lighting  the  Albert  Hall  by  an 
electric  current  generated  a  quarter  of  a 
mile  away. 

Reference  was  then  made  to  the  great 
money  saving  of  something  like  30s.  an 
hour,  that  Dr.  Siemens  had  been  able  to 
effect  at  the  Albert  Hall,  London,  by  re- 
placing the  old  gas  jets  by  electric  lamps 
giving  even  more  light,  and  to  the  unex- 
pected advantage  attained  by  the  present 
stillness  of  the  air  arising  from  the  use 
of  the  electric  light,  which  enabled  the 
singing  and  music  there  to  be  better 
heard  now.  Great  weight  was  attached 
to  the  fact  that  at  the  Albert  Hall  the 
science  of  hanging  a  brilliant  light  high 
up  had  been  luckily  allowed  to  ride  over 
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the  precedent  of  putting  a  number  of 
feeble  glimmers  all  over  a  building, 
and  in  connection  with  this  it  was  ex- 
plained that  the  reason  why  electric 
lighting  for  streets  had  been  economi- 
cally much  less  successful,  was  because 
English  conservatism  had  prevented  the 
authorities  from  realizing  the  possibility 
of  using  for  street  electric  illumination 
anything  differing  from  an  ordinary  iron 
lamp-post.  Attention  was  then  drawn 
to  the  fact  bearing  most  closely  on  the 
economy  of  electric  lighting  on  a  large 
scale,  and  which  had  been  obtained  as 
the  result  of  experiments,  that  the  larger 
were  the  dynamo-machines  used  for  pro- 
ducing the  electric  light,  the  more  light 
was  produced  per  horse-power.  Taking 
all  this  into  consideration,  Prof.  Ayrton 
arrived  at  the  result  that  "  at  any  rate 
we  may  be  absolutely  safe  in  saying  that 
the  cost  of  using  gas  in  Sheffield  for 
lighting  large  halls,  such  as  the  one  we 
are  now  in,  factories  and  the  streets 
could  be  halved  if  electric  currents,  gene- 
rated by  water  engines  worked  by  hill 
streams,  as  well  as  bv  vei*y  large  steam 
engines,  were  substituted  for  gas. 

"But,  can  this  be  quite  right — for  I 
have  proved  that  to  transfer  energy 
economically  we  must  use  a  large  press- 
ure and  a  small  flow.  Now,  how  can 
we  produce  a  very  bright  electric  light 
with  a  small  current?  Why,  by  not 
using  the  current  that  comes  along  the 
wire  to  produce  the  light  at  all,  but 
merely  to  drive  an  electro-motor,  which 
motor,  at  the  place  where  any  large  amount 
of  light  was  required,  would  be  employed 
in  giving  motion  to  a  second  dynamo- 
electric  machine,  which  would  produce 
the  currents  for  lighting  purposes. 

"  This  experiment  I  might  show  you, 
but  as  we  have  used  already  several 
times  during  the  evening  electric  lights 
fed  from  a  distance,  we  will  vary  the  ex- 
periment and  try  an  analogous  one. 
Messrs  Walker  and  Hall  will  now,  at 
their  works,  give  rapid  motion  to  a 
dynamo-machine,  and  the  current  which, 
when  properly  arranged,  as  I  have  ex- 
plained to  you,  may  be  small,  will  set  in 
motion  this  electro-motor.  This  in  its 
turn  will  cause  this  other  dynamo- 
machine  to  rotate  rapidly  and  produce  a 
current  which  I  will  use  for  rapidly 
gilding  this  piece  of  plate." 

Calculation   showed    that    if    electric 


currents  generated  by  very  large  steam 
engines  at  certain  points,  and  by  tur- 
bines driven  by  the  falling  water  on  the 
hillsides  round  Sheffield,  were  substi- 
tuted for  the  use  of  coal  for  motive 
power,  smelting,  heating,  and  lighting 
buildings,  that  a  saving  of  something 
like  £400,000  a  year  might  be  anticipated 
for  that  town ;  and  as  an  argument  to 
prove  that*  although  such  a  reform  was 
startling  in  its  economical  bearing  it 
might  nevertheless  be  sound,  the  follow- 
ing was  adduced  : — Imagine  the  cost  of 
cutlery  and  plated  goods  to  remain  as  at 
present,  but  all  machinery  to  be  removed 
from  Sheffield,  then  what  an  enormous 
loss  would  accrue  to  the  town  from 
everything  having  to  be  done  by  hand 
labor.  The  saving  then  which  the  lec- 
turer was  showing  the  audience  how  to 
obtain,  enormous  though  it  might  be, 
was  still  small  compared  with  the  gain 
that  the  introduction  of  machinery  dur- 
ing the  last  hundred  years  had  effected 
for  that  town. 

Next  was  considered  whether  the 
Sheffield  Water  Company  had  any  water 
in  their  reservoirs  that  could  be  spared 
for  producing  motive  power,  since  of 
course  the  water  which  did  work  at  its 
source  would  lose  head  and  so  be  unable 
to  come  to  the  tops  of  the  houses  in  the 
town  as  at  present,  and  it  was  shown 
that  there  was  a  considerable  surplus 
supply.  As  an  illustration  of  such  a  use 
of  the  water  power,  a  two-inch  board 
was  sawn  on  the  platform  by  a  circular 
saw,  driven  by  an  electric  current  gener- 
ated by  a  water  engine  in  the  yard  of  the 
Water  Works,  and  conveyed  to  the  Hall 
by  wires  crossing  the  streets. 

As  a  practical  illustration  of  what  had 
been  done  the  lecturer  said  : — "  Last 
year  two  French  engineers,  MM. 
Chretien  and  Felix,  at  Sermaize  (Marne), 
actually  ploughed  fields  by  electricity, 
the  electric  current  being  produced  by 
two  dynamo-electric  machines,  of  a  form 
invented  by  M.  Gramme,  and  shown  in 
the  diagrams  on  the  walls.  These 
machines  were  usually  worked  with  a 
steam  engine  at  some  convenient  place 
three  or  four  hundred  yards  away  in  an 
adjoining  road,  and  the  electro-motors 
were  also  two  Gramme  machines,  one  on 
each  side  of  the  field,  with  their  coils  re- 
volving, of  course,  backwards.  Through  . 
one  of   these,  the  electric   current  was 


ELECTRICITY    AS    A   MOTIVE   POWER. 


485 


sent  alternately,  so  that  motion  was 
given  to  one  or  other  of  two  large 
windlasses,  one  on  each  of  the  wagons 
containing  the  electro-motors.  In  this 
war  the  plough  which  could  be  used 
going  in  either  direction,  was  first  pulled 
across  the  field  making  a  furrow,  and 
then  back  again  making  another  parallel 
furrow." 

A  photograph,  taken  on  the  spot,  of 
one  of  the  complete  Gramme  electro-mo- 
tors, with  its  windlass  and  wagon,  to- 
gether with  the  double  acting  plough, 
was  projected  on  to  the  screen. 

A  second  photograph  was  also  now  pro- 
jected on  to  the  screen  of  M.  Chretien's 
electric  crane  for  unloading  boats.  This 
too.  the  lecturer  said,  had  been  success- 
fully employed  for  several  months  at  Ser- 
ialize, in  the  harbor  there,  and  it  was  con- 
sidered that  a  saving  of  about  thirty  per 
cent,  had  been  effected  of  the  expense 
formerly  incurred  for  unloading  the  sugar 
barrels  out  of  the  boats. 

Reference  was  then  made  to  the  diffi- 
culty that  would  be  experienced  in  dis- 
tributing electric  power  properly,  on  ac- 
count of  the  current,  in  any  circuit  being 
affected  by  any  alteration  in  any  other 
circuit  connected  with  it,  and  it  was  ex- 
plained how  this  difficulty  was  met  by 
the  electric  current  regulations  of  M. 
Hospitalier  and  Dr.  Siemens.  Another 
difficulty  arising  from  the  velocity  of  the 
water  on  the  hill  streams  being  great 
after  floods,  and  small  in  dry  weather, 
and  which  at  first  sight  might  appear  to 
require  an  extravagant  supply  of  dynamo- 
machines  so  that  even  in  a  draught  suffi- 
cient power  could  be  transmitted  elec- 
trically, it  was  explained,  could  be  over- 
come by  storing  up  the  electric  energy 
as  compressed  gas,  and  it  was  shown 
that  a  square  foot  of  hydrogen  at  thirty 
atmospheres  pressure  (the  usual  pressure 
in  the  iron  gas  bottles  of  commerce) 
combining  with  half  a  cubic  foot  of 
oxygen,  at  the  same  pressure,  would 
develop  no  less  than  110  million  foot 
pounds  of  work. 

Prof.  Ayrton  concluded  by  asking : — 

••But  is  there  no  other  side  to  this 
question?  We  are,  it  is  true,  a  commer- 
cial people,  but  do  we  not  still  love  our 
hills  and  our  fields?  There  was  a  time 
when  the  cutler  of  now  black,  grimy, 
Sheffield  was  very  fleet  of  foot  in  follow- 
ing the  chase.     There  was  a  time,  when, 


'not  only  in  the  villages  around  old 
Sheffield,'  so  says  the  history  of  Hallam- 
shire,  'were  the  file-makers'  shops  or  the 
smithy  to  be  seen,  with  the  apprentices 
at  work ;  but  even  on  the  hill  side  in  the 
open  country,  at  the  end  of  the  barn 
would  be  the  cutler's  shed,  whilst  in  the 
valley  below,  by  the  river,  was  the  grind- 
ing wheel,  ready  to  sharpen  the  tools 
that  had  been  manufactured.' 

"And  why  not  now?  why  should  not 
that  mountain  air  that  has  given  you 
workmen  of  Hallamshire  in  past  times 
your  sinew,  your  independence  of  char- 
acter, blow  over  your  grindstone  now? 
Why  should  not  division  of  labor  be 
carried  to  its  end,  and  power  brought  to 
you  instead  of  you  to  the  power?  Let 
us  hope,  then,  that  in  the  next  century 
electricity  may  undo  whatever  harm 
steam  may  have  done  during  the  last, 
and  that  the  future  workman  of  Sheffield 
will,- instead  of  breathing  the  necessarily 
impure  air  of  crowded  factories,  find 
himself  again  on  the  hillside,  but  with 
electric  energy  laid  on  at  his  command." 


Two  different  results  which  may  arise 
when  air  which  is  saturated  with  moist- 
ure becomes  chilled  have  been  pointed 
out  by  M.  G.  Oltramare.  The  watery 
particles  may  collect  in  drops  and  fall  by 
their  own  weight,  leaving  the  air  trans- 
parent; or  they  may  remain  in  suspen- 
sion and  form  a  cloud.  In  the  latter 
case  he  supposes  that  the  molecules  are 
kept  apart  by  electrical  repulsion.  Jamin 
and  other  investigators  have  found  that 
the  watery  particles  in  mists  may  remain 
liquid  at  fourteen  degrees,  or  even  at 
twenty  degrees  —  6.8  degrees  or  four 
degrees  Fahrenheit — provided  there  is 
no  sudden  shock  or  solid  contact,  espe- 
cially with  ice.  In  such  a  condition  of 
"  superfusion,"  if  there  is  a  sudden  dis- 
charge of  electricity  the  separating 
force  disappears,  and  the  sudden  union 
of  particles,  under  their  joint  attrac- 
tions, forms  hailstones  of  various  mag- 
nitudes. This  explanation  accounts  for 
the  rustling  which  is  heard  before  a  fall 
of  rain,  as  well  as  for  the  accompanying 
electrical  phenomena.  The  size  of  the 
stones  depends  partly  on  the  thickness 
of  the  cloud,  partly  on  the  lowering  of 
temperature  in  superfusion. 

— The  Engineer. 
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§  6. 

ON  THE  FORM  ASSUMED  BY  A  ROTATING  FLUID 
SPHERE  ACTED  ON  BY  THE  ATTRACTIONS 
OF  ITS  OWN  PARTICLES,  AND  BY  THE 
FORCES  GENERATED  BY  THE  ROTATION. 

The  reader  is  supposed  in  this  chapter 
to  have  a  slight  knowledge  of  the  theory 
of  attractions,  sufficient  at  least  to  enable 
him  to  recognize  the  formulae  for  the 
components  of  the  forces  acting  on  one 
body,  due  to  the  attraction  of  other 
bodies  in  space. 

Let  us  assume  the  equation  of  an 
ellipsoid  in  the  form 

x*  y2  z2 

c2(l  +  A'2)+c2(l  +  l2)+? 

Let  X,  Y,  Z  represent  the  components 
of  the  attraction  of  this  ellipsoid  upon  a 
point  at  its  surface.  We  have  now,  if  p 
denote  the  uniform  density  of  our  homo- 
geneous ellipsoid,  and  m  denote  the 
attraction  between  two  units  of  mass  at 
a  distance  of  unity  apart,  for  X,  Y,  Z  the 
following  known  expressions : 


X=- 


3Mma? 


x  z*1 


fdt 


Y  = 


Z  =  - 


(l  +  AV)*(l  +  A'V)f  ' 
3Mmy   z*1  fdt 

3Mw2    /•'  fdt 

~~^~y     (l  +  AV)i(l  +  A'2*2)i  • 

In  which  M  denotes  the  mass  of  the 
body,  and  is  equal  to  f  p  n  cs  (1  +  A2)* 
(l  +  A/2)i.  For  the  case  of  an  oblate 
spheroid  we  of  course  have  A=A'  and 
then  by  simple  integration 

M.mx  L    -\  A    \ 

TV  Tan  A-  1TX°) 


x=-|; 


V — _3 


Mmy, 


tan    A— 


1  +  V 


AV 
M.mz 
AV 
We  have  also  for  the  potential  of  a 


Z  = 


—l 
(A— tan    A) 


spheroid  that  differs  but  little  from  a 
sphere  upon  a  point  at  its  surface  (vide 
Thomson  &  Tait  Nat.  Phil.) 

where  S4-  is  a  spherical  surface  harmonic. 
Here  we  have  of  course 


X= 


dx^ 


dry 

~dy' 


z=dJ 

dz' 


Let  now  I  denote  the  moment  of  iner- 
tia of  the  body  with  reference  to  the  axis 
of  z,  go  its  angular  velocity  about  that 
axis,  and  jj.  its  moment  of  rotation;  we 
then  have,  as  is  well  known, 

lGO=pi; 

also  in  the  case  of  an  ellipsoid,  whose 
semi  axes  in  the  plane  of  X,  Y  are  a,  hy 
we  have 

M  M 

1=  ^(a2  +  62)  =^c2(2  +  A2 -{- A'a) 


_M/3M\ 


2  +  A2  +  A2' 


5U7rp/(l  +  A2)*(l-|-A2)^ 

Leaving  now  these  general  consider- 
ations we  will  take  up  the  more  particu- 
lar problem  of  the  uniform  rotation  of  a 
homogeneous  mass  of  fluid,  originally  in 
a  spherical  form,  and  seek  to  discover 
what  forms  of  equilibrium  it  may  assume 
under  the  action  of  the  generated  forces. 
The  axis  of  rotation  is  assumed  to  be  z. 
In  writing  the  differential  equation  of  the 
fine  surface  of  the  fluid,  there  will  neces- 
sarily enter  the  forces  which  have  been 
instrumental  in  producing  that  surface^ 
which  of  course  differs  from  the  fine  sur- 
face of  the  fluid  at  rest.  An  integral  of 
this  equation  can  then  not  be  obtained 
unless  we  know  the  values  of  these  forces, 
but  the  forces  in  turn  depend  upon  the 
nature  of  the  surface ;  there  is  thus  such 
a  reciprocal  relation  existing  between  the 
forces  and  the  surface,  that  a  general  so- 
lution of  the  proposed  problem  is  impos- 
sible.    We   can   however   assume   some 
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particular  surface,  and  then  determine 
what  relations  must  exist  between  the 
various  quantities  in  one  differential  equa- 
tion and  the  variable  parameters  of  the 
equation  of  this  surface,  in  order  that  this 
equation  may  be  an  integral  of  the  said 
differential  equation.  If  such  real  con- 
ditions can  be  found,  then  the  surface 
that  we  have  assumed  is  one  of  the  pos- 
sible forms  of  equilibrium  that  our  fluid 
mass  may  assume. 

Let  now  X      Y      Z      denote  the  coni- 
r}      t,      r, 

ponents  in  the  directions  of  x,y,z,  respect- 
ively, of  all  the  forces  acting  on  any  par- 
ticle on  the  surface  of  fluid  mass.  For 
equilibrium  we  must  have,  as  is  well 
known. 

X     dx+Y     dy  +  Z     dz—o 

We  also  have 

XT  =X+/,    XT  =Y  +  </,    Zr  =Z 

when  X,  Y,  Z,  are  the  forces  due  to  the 
attraction  of  the  body  upon  the  particle, 
and  f  and  g  are  the  components  of  cen- 
trifugal force.  Keverting  now  to  our 
previous  equations  giving  X,  Y,  Z,  we 
may  write 

X=-~Px,   Y=-Qy,  Z  =  -Rz, 

when  the  meaning  of  the  abbreviations 
P,Q,R,  is  obvious.  We  have  also,  go  being 
the  angular  velocity  of  rotation, 

f=ao'2x,  g=Go*y. 

The  complete  values  of  the  forces  un- 
der consideration  are  thus, 

Xr  =  -{F-go*)x 
Yr  =-(Q^2)y 
Z     =  -Rz 

T 

and  the  differential  equation  of  the  fine 
surface  of  the  fluid  is  thus 


us  assume  the  ellipsoid  as  the  proposed 
trial  surface.  We  may  write  its  equa- 
tion in  the  form 


:>•' 


+ 


V 


+  Z* 


1  +  A'anl  +  Aa 

This  equation  may  represent  ellip- 
soids and  hyperboloids,  according  to 
the  relative  values  and  signs  of  A  and  A'; 
of  course  hyperboloids  and  paraboloids 
are  not  at  all  admissible  forms.  Differ- 
entiating this  equation  we  have 

xdx        ydy 


1  +  A'a_rl  +  A: 


+  zdz=o 


Now  comparing  this  with  the  above 
differential  equation  of  the  free  surface 
of  the  liquid,  we  see  that  in  order  that 
the  ellipsoid  may  be  a  possible  form  of 
equilibrium,  we  must  have 


GO' 


Q-GO* 


R     -1  +  A'2'     R     -1  +  A2 
Solving  these  for  go12  we  have, 

[   go2=F- 


R 


GO*  =  Q- 


1  +  A2 

R 

1  +  A' 


(P  —  Go2)xdx  +  (Q —  go*)  ydy  +  ~Rzdz = o 


or, 


F-go*    _      Q-go'2    . 

— = — xdx  -\ = — ydy  +  zdz=o 


We  wish  now  to  determine  what  rela- 
tions must  exist  between  the  coefficients 
in  this  differential  equation  and  the  co- 
efficients entering  into  the  differential 
equation  of  some  surface,  in  order  that 
this  surface  may  be  one  of  the  forms  of 
equilibrium  of  our  rotating  mass.     Let 


Subtracting  the  second  of  these  from 
the  first 

(l  +  Aa)(l  +  A'a)(P-Q)-R(Aa-A'2)=:c> 

Substituting  for  P,  Q,  R  their  values, 
this  becomes 

(1  +  A2)  (1  +  A'2)" 

/[(l+yo-p  +  W)]^ 

(l  +  AV)f(l-fA'V)f 


-(A2-^2)/1- 


fdt 


or 


(l  +  AV^l  +  A'V)1 

(A2_A'a)j(l  +  A2)(l  +  A'2) 


=o 


./', 


tAdt 


(l  +  AV)*(l  +  A/V)t 
_?dt 

0l 


cJ  r 


(l+A2f)±(l+A'V)* 

This  equation  may  be  satisfied  in  two 
ways;  either  by  equating  the  quantity 
within  the  brackets  to  zero,  or  by 
making  A2  — A/2  =  o;  this  gives  us  the 
equation  of  one  ellipsoid  as, 
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ar  +  ?/ 


=1 


z 

?  +  c2(l  +  A2) 

which,  A.  being  real,  is  the  equation  of 
an  oblate  ellipsoid.  We  have  now  to 
determine  the  values  of  A  which  will  be 
admissible  in  order  that  the  fluid  may  be 
in  equilibrium  in  the  form  given  by  this 
last  equation.  Either  one  of  equations 
(a)  serve  for  this  determination.  We 
will  find,  after  the  proper  reductions, 
that  A  is  simply  a  function  of  the  angu- 
lar velocity  of  rotation,  which  indeed  is 
obvious  a  priori.  The  second  of  equa- 
tions (a)  gives  us 

(1-f-A2)  (Q-c»,,)-B=0 

giving  Q  and  R  their  values  this  is 

4^(1  +  A2)[(l  +  A2)tan-U-A] 

_(l  +  A>2-^(l  +  A2)(A-tan-U)=o; 

w2 
for  brevity  write -j — =S;   this  equation 


then  becomes 

3A  +  2A3S 


2AS 


+ 


2A1 


ra 


tan— 1A: 


or  finally 


3A  +  2A8S 
3  +  A2" 


— tan- 1A  =  o 


The  velocity  of  rotation  must  be  such 
that  A2  shall  be  neither  imaginary,  equal 
to  —1,  or  less  than  —1.  If  X9=iXn  the 
surface  is  imaginary.  If  A3=  —  1  the 
surface  is  that  of  a  paraboloid.  If 
A2<— 1  it  is  a  hyperboloid;  so  that  A2, 
if  negative,  must  lie  between  0  and  —  1. 
The  way  in  which  Laplace  endeavored  to 
determine  the  values  of  A  was  to  con- 
sider the  first  member  of  the  above 
equation  as  the  ordinate  of  a  curve  of 
which  X  is  the  abscissa.  Represent  this 
quantity  by  8,-,  then  8,  is  positive  for 
X=o  and  A=oo.  For  X  =  o  the  curve 
will  cut  the  axis  of  abscissas  at  the 
origin,  and  then  the  ordinates  8,  will 
increase  with  A  until  they  obtain  a  max- 
imum %  they  will  then  decrease  until  the 
curve  again  cuts  the  axis  or  until  8,  =  o. 
The  value  of  A  corresponding  to  this 
point  will  thus  be  a  value  corresponding 
to  a  form  of  equilibrium;  the  ordinates 
will  now  become  negative,  but  as  for 
X  =  cc  they  are  positive,  the  curve  must 
again  cut  the  axis,  thus  giving  another 


new  value  of  A  and  a  corresponding  new 
form  of  equilibrium.  For  a  maximum 
we  have  of  course 


d_8, 
dX 


=0 


or 


(b).    3A4  +  2(5<?-l)A2-j-93=o 

This  will  have  real  and  positive  roots  for 
2><\\  one  of  the  roots  of  (b)  will  corre- 
spond to  the  maximum  positive  value  of 
<?,  and  another  to  the  maximum  negative 
value  of  this  quantity,  and  from  what  we 
saw  a  moment  ago  it  is  evident  that  the 
greatest  positive  root  of  (b)  corresponds 
to  the  negative  maximum  of  8,,  and  after 
passing  this  point  the  values  of  8,  will 
increase  indefinitely.  Eliminating  8,  be- 
tween (b)  and  <?<owe  have 


tan~  1X— 


(7Aa  +  9)A 


>o 


(A2  +  l)(A2  +  9) 

The  first  member  of  this  inequality 
and  its  derivatives  are  zero  for  X=o; 
the  derivative  becomes  negative  as  A  in 

creases,  becoming  again  zero  for  A  =  V3, 
after  which  it  remains  constantly  posi- 
tive. Accordingly,  the  preceding  ine- 
quality will  be  satisfied  for  all  values  of 
A  greater  than  the  positive  root  of 

,      .  7A2  +  9 

tan-1A-(A2  +  l)(A2  +  9rQ 

An  approximate  value  of  this  root  is 

A=2.5293. 

The  corresponding  value  of  S  is 

S=0.1123 

If  the  above  equation  has  a  greater 
root  than  2.5293  equation  {b)  will  give 
us  two  values  of  A  corresponding  to 
forms  of  equilibrium.     Thus  for 

A=2.5293  and  S=0.1I23 

there  is  but  one  form  of  equilibrium, 
but  for 

A>2.5293,  andS<0.1123 

there  are  two  forms.  As  X  increases  S 
decreases;  this  is  easily  seen  for  we 
have, 

«-  **'  2 

(A*  +  l)(A<  +  9)-(1+l^  +  9) 

the  denominator  of  this  increases  as  X 
increases,  and  consequently  the  value  of 
the  fraction  diminishes. 
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Giving  now  to  S  its  value  we  have, 


47T/J 


=  0.1123 


This  gives  the  greatest  angular  ve- 
locity compatible  with  the  ellipsoid  of 
revolution,  being  one  of  the  forms  of 
equilibrium  of  one  fluid  mass.  We  saw 
that  two  forms  of  equilibrium  arose  by 
A  increasing.  One  of  the  values  of  A 
[from  6]  will  increase  indefinitely,  thus 
giving  an  ellipsoid  which  becomes  flatter 
and  flatter  until  it  becomes  a  mere  ellip 
tical  disk :  the  other  value  of  A  decreas- 
ing gives  us  in  the  limit  of  s=o  a  sphere 
of  radius  c.  Laplace  has  shown  in  the 
Mec.  Cel.  the  impossibility  of  the  Pro- 
late ellipsoid  existing  as  a  form  of 
eqilibriiun  by  allowing  A2  to  become  neg- 
ative i.e.,  A=-f  /A'.  He  shows  that  the 
value  of  A  so  obtained  will  not  vanish 
but  remains  imaginary;  therefore  there 
can  be  no  prolate  ellipsoid  as  a  form  of 
equilibrium.  The  preceding  results  have 
been  obtained  on  the  supposition  that  the 
angular  velocity  was  given,  the  problem 
however  admits  of  solution  under  another 
form,  viz.,  having  given  the  moment  of 
momentum  of  the  rotating  body  and  its 
mass,  we  can  determine  the  eccentricity 
of  the  corresponding  ellipsoid.  If  a 
mass  of  fluid  be  left  to  itself  in  any  state 
of  motion  it  will  preserve  unchanged  its 
moment  of  momentum,  and  its  viscosity 
will,  if  the  fluid  remain  continuous  de- 
stroy all  relative  motion  among  the  parts 
of  the  fluid  so  that  it  will  ultimately  ro- 
tate as  a  rigid  body.  If  the  final  form 
be  that  of  an  ellipsoid  of  revolution  there 
will  be,  as  we  shall  see,  but  a  single  pos- 
sible value  of  the  eccentricity.  But  this 
form  may  become  unstable  if  the  moment 
of  momentum  exceed  some  limit  depend- 
ing on  the  mass  of  the  fluid.  Our  pre- 
ceding equations  give  us, 

Since  however  Igo=jj.  we  have 
25/i'/4;rpU  f(3  +  A')tan-iA-3A 

=  9 
in  which  q  is  known  as  a  function  of  mass 
and  moment  of  momentum.  The  second 
member  of  this  is  zero,  for  A  =  o  and  infi- 
nite for  A  =  x  .    Consequently  there  must 


be  some  real  and  positive  value  of  A  which 
will  satisfy  the  equation.  In  order  to 
si iow  that  there  is  but  one  value  of  A  that 
will  satisfy  the  equation  it  is  necessary  to 
show  that  the  derivative  of  the  second 
member  with  respect  to  A  is  positive  for 
every  positive  value  of  A.  Write  for 
brevity 

SJSt -***■*« 

Then  our  derivative  will  be 

The  sign  of  this  for  a  positive  A  de- 
pends simply  upon  that  of  /(A).  /(A)  is 
zero  for  \  =  o.     We  have  now 


f(V  = 


A2(1  +  2A2 


(1  +  A2)(3  +  2A2)2' 

this  is  positive  for  every  positive  value 
of  A  theref ore/(A)  is  itself  always  positive, 
and  consequently 

-rj  will  be  always  positive  if  A  is  positive. 

So  then  for  each  value  of  q  or  jjl  there  is 
but  one  form  of  equilibrium. 

The  preceding  remarks  have  all  been 
made  on  the  supposition  that  in  the 
equation  of  our  ellipsoid  A  =  A';  this  was 
a  solution  of  a  certain  equation  of  con- 
dition that  we  were  led  to,  viz., 

(A2-A'2)j(l  +  A2)(l  +  A'2) 


./ 


tdt 


fdt 


-/. 


=  o 


o-     (l  +  A2OHl  +  A'V)* 

This  equation  is  however  satisfied  by 
equating  to  zero  the  factor  within  the 
parenthesis.  This  factor  may  be  thrown 
into  the  form 


H\l-?){l-V\'H'i)dt 
(/      (l  +  AV)f(l  +  A'V,f 


J 


=  o 


(see  Resal  Mec.  Cel.  p.  191).  The  sign 
of  the  integral  depends  on  that  of  the 
factor  (1  -  A2A/2Za).  If  the  equation  of 
the  ellipsoid  be 


x2     if     z>     , 
1-  —  4-—  =  1 

2     I      7  2     I         2 

a      0      c 


we  know  that, 
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A8= 


b*-c2 


X,2  = 


a'-c' 


suppose  these  quantities  to  have  opposite 
signs,  i.e.,  either  b2  or  a2  is  less  than  c2, 
or  the  axis  of  rotation  is  imtermediate  in 
length  between  the  greatest  and  least 
axis  ;  but  this  supposition  will  cause  the 
factor  (1  -  A2A'2£2)  to  remain  always  pos- 
itive, consequently  the  integral  will  be 
always  positive.  Now  suppose  A2  and  A'2 
both  negative;  this  gives 

c2>a? 
c2>b2 

Then  from  the  above  values  of  A  and  A' 
ive  see  that  they  will  always  be  less  than 
unity,  and  so  A2A'2£2  will  be  positive  and 
less  than  unity  and  the  factor  (1  -  A2A'2£a) 
will  be  always  positive.  Again ;  suppose 
A2  and  A/2  both  positive,  then 

c2<a2 
ca<52; 

then  it  is  clear  that  values  of  A  and  A' 
can  be  found  that  will  make  (1  -  A2A'V) 
either  positive  or  negative,  and  conse- 
quently values  can  be  found  that  will 
make  the  integral  vanish.  From  this  we 
deduce  the  theorem.  If  the  ellipsoid  of 
these  unequal  axes  is  a  form  of  equilibri- 
um, then  the  axis  of  rotation  must  be  the 
least  axis  of  the  ellipsoid.     If  we  have 

V<Y2 

then  A2A,2<1  and  the  factor  (1-A2'AY) 
will  be  constantly  positive,  and  the  inte- 
gral cannot  vanish.  Thus  at  least  one 
of  the  quantities  A2  or  A/2  must  be 
greater  than  unity,  or,  what  is  the  same 

thing,  one  of  the  fractions  -  or  -    must 

c  c 

y-  a       

be  greater  than  y2  since  ~=v  A"  +  l. 

Differentiating  the  equation  of  the 
ellipsoid  we  have 

xdx    ydy    zdz 

4-- — -  -I =0 

a*   +     p    i-   c, 

The  differential  equation  of  the  free 
surface  of  the  fluid  is 

-  (P  -  (o2)xdx  -  (Q  -  o)2)ydy  -  ~Rzdz=o 

and  if  this  is  to  represent  an  ellipsoid, 
we  must  have  the  forces  -  (P  -  w')x, 
-  (Q  -  a>2)y,  -  Hz    proportional    to    the 


x    1/   z 
quantities  — a,  ^,  — ,  and  the  resultant  of 

CL     (J      0 

these  forces  will  consequently  be  propor- 
tional to 


|ar     y_    zz 
Vaf  +  bi+?; 


But  this  is  the  inverse  length  of  the 
perpendicular  from  the  center  of  the  ellip- 
soid to  the  tangent  plane,  at  the  point 
under  consideration.  This  theorem  is 
due  to  M.  Liouville.  A  discussion  of  the 
ellipsoid  as  a  form  of  equilibrium  is  given 
by  Mayer  in  Bd.  24  of  Crelles  Journal. 
The  subject  was  also  taken  up  by  M. 
Lionville  and  made  the  theme  of  a  very 
elegant  investigation  in  Tome  16  of  the 
"  Journal  de  Mathematiquey  The  com- 
plete results  of  the  investigation  show 

2 

that  when  ~-  is  less  than  0.09356,  the 
4:7tp 

surface  of  equilibrium  may  be  one  of  the 

oblate  spheroids  before  mentioned,  or  it 

may  be  the  elliposid  with  three  unequal 


axes.    When 


4:7t  p 


:0.09536  the  last  form 


no  longer  exists  but  passes  into  one  of  the 

2 

preceding  forms.     For  all  values  of  - — 

between  0.09536  and  0.1123  ellipsoids  of 
revolution  alone  exist,  and  at  this  limit 
they  coincide ;  we  have  already  seen  that 
beyond  this  limit  the  ellpsoid  cannot  exist 
as  a  form  of  equilibrium. 

The  problem  of  finding  the  form  of 
equilibrium  which  can  be  assumed  by  a 
homogeneous  fluid  mass,  animated  by  a 
uniform  motion  of  rotation  when  this  mass 
differs  in  form  but  little  from  a  sphere, 
has  been  made  the  subject  of  very  rigor- 
ous investigation  by  Laplace  and  by  nu- 
merous writers  since  his  time.  The  re- 
sults of  these  investigations  show  that 
the  form  is  still  in  this  case  that  of  an 
oblate  spheroid,  of  which  the  applatisse- 
ment  is  equal  to  five -fourths  of  the  ratio 
of  the  equatorial  centrifugal  force  to  the 
attraction  at  the  surface.  If  io2c  be  the 
acceleration  due  to  centrifugal  force  at 
the  equator,  and  \itcp  the  attraction,  we 
have  for  the  applatissement 

5   <o'J       15  wa 


4  |  7tp      16  np 

This  form  is  evidently  one  which  would 
result  from  a  slow  motion  of  rotation; 
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Indeed  assuming  that  the  angular  velocity 
in  is  small  we  could  obtain  this  result  from 
our  previous  investigations.     It  is  quite 
possible  that  the  Huid  might  have  origin 
ally  an  angular  velocity  greater  than  that 
given  by  the  equation 
i 
=.1123 


4:7V  p 

and  that  still  it  would  find  a  form  of 
equilibrium  in  one  of  the  ellipsoids; 
because,  as  the  angular  velocity  in- 
creases, the  centifugal  force  increases, 
that  the  spheroid  will  tend  to  become 
flatter  and  flatter,  but  the  flattening 
of  the  spheroid  will  tend  to  diminish  the 
angular  velocity,  and  a  series  of  oscilla- 
tions will  ensue  which  the  viscosity  of 
the  fluid  will  finally  destroy,  and  thus 
the  mass  may  arrive  at  such  a  condition 
as  to  enable  it  to  assume  and  retain  the 
form  of  an  ellipsoid. 

It  may  be  of  interest  here,  before  leav- 
ing this  problem,  to  give  Sir  Wm.  Thom- 
son's solution  of  the  following  problem: 

A  mass  of  homogeneous  incompress- 
ible fluid  of  an  originally  spherical  form 
is,  by  the  action  of  a  force ,  distributed 
over  its  whole  surface,  slightly  deformed; 
the  force  is  then  removed,  and  the 
spheorid  left  free  to  its  own  action;  no 
forces  now  acting,  other  than  the  attrac- 
tions among  the  particles,  a  series  of 
oscillations  will  commence,  required  to 
find  the  time  of  oscillation.  The  de- 
formation is  supposed  to  be  according 
to  a  spherical  harmonic  of  order  i.  As- 
sume h  the  height  of  the  position  of  a 
particle  on  the  deformed  surface  above 
its  original  position  on  the  surface  of 
the  sphere.  We  can  express  h  by  the 
equation 

Azz^  +  S.H-  ,.,Si 

when  Sj,  S2 . . .  are  spherical  surface  har- 
monics, and  of  course  functions  of  the 
angular  co-ordinates  of  the  point.  We 
know  that  the  operator 

x   d     yd      z  d 
y  dx     y  dy     y  dz 

applied  to  any  function,  expresses  the 
rates  of  variation  of  that  function  in  the 
direction  of  the  line  through  the  region, 
and  the  point  whose  co-ordinates  are 
x,  y,  z;  applying  it  then  to  one  function 
cp,  we  will  obtain  the  variation  of  h,  or 
the  radial  component  of  the  velocity  of  a 
Vol.  XXI.— No.  6—34 


particle.     This  velocity  will  of  course  be 
represented  by  — ,  so  we  have  the  equa- 


x  dcp     y  dcp     z  dcp 
y  dx     y  dy     y  dz' 


tion 

dh 
dt 

the   function    cp,    however,    satisfies  the 
equation 

d" cp     d*cp  i  d*cp_ 

dx* 


dy*  +  dz" 


=  o: 


therefore  cp  can  be  expanded  in  a  series 
of  spherical  harmonics.  Denoting  then 
by  a  the  original  radius  of  the  sphere, 
and  by  y(—a  +  h)  this  radius  after  re- 
formation we  have  (vide  Ferrers  Spher. 
Har.) 

*-*©>*.'(9V" 

also 


mV- 


©•■■•■ 


dh    d^    dS2 
~dt~~  dt  +  dt 

dSi 
'    dt 

and 

x  dcp    y  dcp     z  dcp     1 

y  dx     y  dy      y  dz~  y 

by  Euler's  theorum  for  homogeneous 
functions.  From  these  last  two  equa- 
tions we  have  by  making  y=a,  and 
since  the  terms  having  the  same  suffixes 
are  homogeneous  functions  of  the  co- 
ordinates of  the  degrees  1,  2  ...  i  re- 
spectively, 


dt      a     "    dt      a    s 


dSi     i  - , 
dt      a 


The  expression  which  we  have  before 
given  for  the  potential  of  the  spheroid 
becomes,  since  4:7tam=Sg, 

We  have  also  for  the  fluid  pressure 
the  equation 

But  since  the  motions  are  infinitely 
small,  the  term 

<&*&!*&  ■ 

may  be  discarded,  and  we  have 
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The  pressure  at  the  free  surface  is  a 
constant  and  may  be  denoted  by  7T,  then 
we  have  also  for^>  the  expression 
p—n  +  pgh. 

The  variations  of  gravity  involved  in 
the  infinitely  small  term  may  be  disre- 
garded. Eliminating  p  between  these 
equations  we  have 

<J=*+/v**p(S?-v); 

Substituting  for  V  its  value 
d<p 


0^0,+ 


dt 


4-gh-dg 


S.     S„ 


P 


+  tf  + 


S 


7T 


when  C.=   -  +  gh 
2      p 

this  for  £  and 
substitutions 


5 

Now 
we  obtain, 


St     X 
J  +  1/ 


2i 

differentiate 
after  obvious 


d*cp 


(1^ 

3a 


dh    _ 
gdi-*g 

<£  j $  -f.  . 

1     .5a    2       . 


'(2»  +  l) 


a$ 


•) 

dh 


Now  in  one  expression  for  (p  and  — 


make  ^=a  and  we  have 

^=^+^a+  •  •  •  #* 

o'A     1  ,_      n  , 
— ■=-  (^+2$,+  . 
dt    a      * 


i$i) 


These  give  us  after  substitution, 

d2^  ;  tf"$„  ,        <*"#*  _  £ 

a 


o= 


df 


dt  dt 

[<2>i  +  2<2>2  +  .  .  *$<] 

_£ 

a 


#  +  4# 

1     '      0        2 


Si 


ft 


'2*  +  l 

This  gives  rise  to  the  set  of  equations 

<*'#.     9*     9 


dt2 
d'$ 


ra    1    a    l~ 
gt&=o 


df      a  5 


d2$i     a  2i(i-l)^ 
-4-- -<p.'  =o 

dt"   + a    2i  +  l      » 

The  integral  of  this  last  is  known  to  be 
of  the  form 


When  A  is  a  surface  spherical  harmon- 
ic function  of  the  co-ordinates  of  the 
point  and  is  the  maximum  value  of  $>t- , 
and  E  is  the  epoch  of  the  simple  har- 
monic function  of  the  time.     Using  this 

solution   in   the   equation  — ^=-^   we 

at      a 

find  for  the  time  of  oscillation, 

t=2x 


\a    2i  +  l 


(    Va    2^  +  l 


-,( 


^  g'2i{i-l) 

The  oscillations  will  give  rise  to  simple 
harmonic  displacements  of  the  normal 
displacement  h.  For  the  case  of  ellip- 
soidal deformation  i=2  and  we  have 


t-. 


:27T    ]?? 
V±g 


Substituting  in  this  for  the  constants 
these  values,  Sir  ¥m.  Thomson  finds  for 
the  half  period 

Z=47m  12sec- 
This  is  very  nearly  correct  for  the  case 
of  infinitely  small  motions  which  we 
have  supposed.  In  the  case  of  greater 
deformations  we  cannot  obtain  the  time 
of  oscillation,  as  there  would  exist  non- 
periodic  motions,  and  further,  the  term 


+ 


\dy)       \dz) 


in   the   expression 
disregarded.  ■ 


for  p  could  not   be 


§7. 

MOTION  OF  A  HOMOGENEOUS  FLUID  ELLIPSOID, 
WHOSE  PARTICLES  ARE  ACTED  UPON 
MERELY  BY  THEIR  MUTUAL  ATTRACTIONS. 

The  general  solution  of  this  problem 
has  been  given  by  Riemann  and  may  be 
found  either  in  his  Gesammelte  Werke, 
published  by  Dedekind  and  Weber,  or  in 
the  9Bd.  der  Abhn.  der  Kong.  Gessel,  der 
Wissen.  zur  Gott.  1861.  In  the  previous 
year  J)irichlet  had  published  in  the  A  b- 
handlungen  a  memoir  upon  the  same  sub- 
ject in  which  he  showed  that  possible  mo- 
tions of  the  fluid  mass  could  be  discov- 
ered by  making  the  co-ordinates  &,y,2, 
of  any  particle  at  the  time  t  linear  func- 
tions of  the  original  values  of  these  quan- 
tities, the  coefficients  being  merely  func- 
tions of  this  time. 

Let  the  original  line  axes  of  the  ellip- 
soid be  denoted  by  a0,b0,c0,  at  the  time  t 
these  are  a,b,c;  similarly  x,y,z,  are  the 
co-ordinates  of  any  fluid  particle  at  the 
time  t  the  original  values  being  x0,yQ,z0. 
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Now  as  was  stated  above  we  may  repre- !  to  the  fixed  system  of  x,  y,  z. 
sent  the  co-ordinates  .r,y,.r.  as  linear  func-   have 
tions   of    x0,y0.z0.    the    coefficient   being 
merely  functions  of  the  time,  this  we  do 
by  the  equations 


Since  we 


x=fc  +  »rp)  +  ?i~A 


a.         bn        cn 


,;>• 


,//„ 


,/'~o 


«.  bo  C0 


Designate  again  through  £,  77,  £,  the 
co-ordinates  of  the  point  (x,y,z)  referred 
to  a  system  of  axes  that  coincide  at  each 
instant  with  the  principal  axes  of  the 
ellipsoid,  then  a,/j, .  .  .  y"  denoting  the 
direction  cosines  we  have, 

g=ax+./3y  +  yz 
2.  ti=a'x  +  f3'y  +  y'z 

Z=a"x+F'y+y"z 

And  the  known  relations  exist  among  the 
quantities  a,/3,  .  .  .  y''  which  enable  us  to 
write. 

£2  +  7/2  +  £2=z2+y2  +  z2. 

Again  on  account  of  the  surface  remain- 
ing always  composed  of  the  same  particles 
we  must  have, 


y=pZ+P'v+P"Z 

Z  =  yZ  +  y'j}  +  y"e> 

and  as  above 


we  find  readily 


X  =  (aaai  +  ba'a} '  +  ca'a^") 


+  (aaf]i+ba/]/  +  ca"Pi'')f 
+  (aayi  +  ba'y/  +  c',yai")5L 

and  similar  values  for  y  and  z;  we  have 
then  by  comparing  these  with  the  values 
given  in  the  first  equations  for  x,  y,  z, 

l=aaal  -f  ba'a'  -j-  ewa," 
m = aa/3^  +  ba'fiS  +  ca^/3^ 
n  =  aayi-\-b'ayx'  +  ca"y." 
^=a/3at  +  hP'af  +  c/S"^" 
m' = a/3/3  +  bft'px'  +  c/3"/3» 

ri=aflfl1  +  bfl?yl'-+cfi"y1» 

5. 

r=zayat  +  by'af  +  cy"a^" 

m"=ay/31  +  ly'fil  +  cy"fl? 
n"=ayyl  +  by'y'  +cy"y" 


"VVe  have  thus  the  means  of  determin- 


Now  divide  each  of  the  above  equations 
for  £,?;,<2,  by  a,b,c,  respectively,  and  sub- 
stitute for  x,y,z,  three  values  as  given   . 

above  in  terms  of  x0,y0,z0,  then  we  shall ;  mSthe  ™otlon£  °7f  the  fluid  particle  that 

is  the  values  of  /,  m  .  .  .  n"  at  the  time  t 
in  terms  of  the  quantities  a,  b,  c,  and  the 
positions  of  two  systems  of  movable 
rectangular  axis,  viz:  %,rj,Z,  and  £,,7,,^. 
Now  in  equations  11,  of  chapter  I,  make 
a,  b,  e  equal  to  £,  77,  2,  respectively,  and 

clx 
also  observe  that-y^=a,  &c.,..  then  these 

equations  become 


clearly  have  the  values  of   — '  --   —   in 
J  a    b     c 

x    \i    z 
terms  of  -°,  7-0,  -°,  and  the  coefficients  will 

«.     ?o     Co 

be  new  functions  of  the  time,  calling  them 


«*A> 


Vi 


we  have 


4. 


c 


35- 


a. 


+A'jL+r.'J 


d*# 


df  a      dt 


d'y  _     d2z         c?  ,  ,     ^x 


di-a  + 


Now,  evidently  again  the  quantities 
ai»  A»"~  Ti"  are  ^ne  direction  cosines  of  a 
new  system  of  rectangular  axis  (by  vir- 


d^x 
d? 


d2y  „„     d^z 


d_ 


(0-P) 


tue  of  the  preceding  equation  3.),  and  this  P  might  have  been  replaced  by  p, 
can  be  called  the  direction  cosines  of  a  since  the  fluid  is  incompressible,  and  we 
movable  system  £x,  77l5  £1?  with  respect  may    regard   the   density    as    equal    to 
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unity.     Now   differentiate  equations  2./ 
for  t  and  for  brevity,  make 

dx        dy  „     dz         „, 


7. 


dt 
dx 


dt 


df 
dz 


dt  dtr 


then  we  have 


df 
dy 


dB,     da        d/3 

dt      dt         dt*       dt 

dr?    da'        dp'        dy 

-^-z=—=-x-\ — V  y-\ — —  z  +  ri 
dt      dt  dt*       dt         ' 

dB,_da"        dp'        da" 
H-  dt  x+   dty  +  ~di~z+* 

and  expressing  again  x,  y,  z  in  terms  of 

£,  ri,  8,,  these  become 


and  so  we  have 


*=*£-"*  +  & 


8. 


rf 


drf 

"dt 


-pS>  +  r% 


Now  from  equation  7.  it  is  easy  to  get 
d2x        d2y  „     d*z        d^'         ,       „y 

dfa+J^-dfr=^t-^^ 

^    df      +  df  P  +df  V  -  dt      P*   +^ 


+ 


U^a>>+^$'+^y>fe? 


\dt  dv    ^  dty 


the  expression  for  ~,  and  —  are  obvi- 
ous. Now  differentiation  of  the  known 
relations 

a2  +  /3*  +  y*  =  l,  &C.  .  . 

afi  +  ar/r  +  af'/r'zzzh,  &c.  .  . 

gives 
da  .   „df3        dy 


+p 


dt     H  dt     y  dt 


da> 

~di 


+o%*r%- 


/      dt 


d<S 
~di 


-^-+P"~-Sl+Y" 


dt 
dp 
dt 


dt 
dy^ 
~di~ 


/      da"      0  d/3"  dy"\ 


da"     0dfi"        dy' 

"-dJ+P-dT+rw- 


H< 


dt^p    dt  ^y     -*  ' 


dt  1 


da      Qt  d/3        ,  dy 


a  +~^P  +  dfr  : 


df 


df 


d? 

dt 


-qZ'-prf 


and,  designating  by  px,  q^  rx  the  values 
of  jo,  q,  r  when  the  quantities  a,  /3 .  .  .  y" 
are  replaced  by  a^/3^  .  .  .y",  equations 
4.  give 

dt~Tlb  ~q'e 


10 


-p,  — r1- 
g      1a 


d? 

±. 

df 

I 

c  _ 
~dt~qia 


a 


V 


'*~b 


Writing  these  out  in  full  and  then  sub 

dB,    dr?  r/C. 


df  df  dtme^ 


stituting  the  values  of 

tions  8.  these  become 

da  c>  7i  £T 

^=dia  +  {ar-br)b+(cq-a^c 

11.  vf=(ar-br^+—?l  +  (bp-cp)- 


dt  b 


c 
dc  C 


H«^¥+^)=< 


The  quantities  £;r,r/',C,  are  evidently 

the  components   of  the  velocity  of  the 

point  {x,y,z)  in  the  directions  of  £,  r?,  C ; 

d$    dr?    di 

— ,    — ,    —  ,    are  the  components  of  the 

dt      dt      dt  r 

relative  velocity,  and p,q,r  the  components 
of  angular  rotation  of  the  axis  B>,  r?,  C ; 
p,g,r  have  the  same  significance  with  re- 
spect to  the  system  £,?/,£. 

Now  let  n  denote  the  constant  press 
ure  at  the  free  surface,  then 

Where  go  is  an  unknown  function  of  t. 
Also  for  the  potential  tp, 
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//•=H-A£J-B;/J-CCa 

Where  HJis  a  constant,  and  the  forms 
offA,B,C  are  already  known. 

By  virtue  of  the  known  relations  be- 
tween £,tj%C,  and  x0,yQ,z0,  we  may  write, 
ip=B.- 

[A^0+B.v->0+Cr0+Di/0,0+EVo+Fa;o2/o] 
and  likewise, 

v       «  o      b  o     c  J 
Now  we  have  readily  from  equations 
6.  the    following   system  of  differential 
equations  between  the  ten  functions  of 
the^time,  /,  m,  .  .  .  .  n"  and  to 

,d*l    vdH'     v,dH"        i     .      2to 

,»+r»+fVB=-a^+5? 


i^+r*£' +*££=-* 


<ft2 


tf*a 


df 


7d*n     „<JW     w„d*n" 


df 


df 


df  df  dt 


df 
ncVV 


-2Fa.J0 


<ft2  eft2 


■m 


// 


d2m" 


eft2 


=  -2BS0  + 


2w 


<ft2  '  ""   d«" 


df 


2D^0c0 


nd?+n~df+n'  df-=-2ec°a< 


d*m       ,d2m'        ,.  d^m" 


<ft2 


<fca 


-2D5oCo 


The     incompressibility    of    the    fluid 
furnishes  another  equation,  viz: 

abc  =  a0bQc0 
or  as  we  have  seen  in  the  first  chapter 

I,    m~  n, 
12.  r,  fw',n',   =1 

From  these  differential  equations  we 
obtain,  as  in  Chapter  I,  the  three  follow- 
ing integrals : 

dn        dm  dn'         ,  dm' 


m—^—n^-  +n'  -= m 

dt         dt  dt 

„dn" 

+  m"— n 

dt 


dt 
,,dm' 


dt 


=const* 


dl     -dn       ,dl      ..dn' 

13.   ny—  l-r+n—  — 1'-=- 
dt       dt        at        dt 

dl"     „,dn" 

+  n"-^ 1    —  =  const. 

dt  dt 

ydm  dl     ..dm'        ,  dl' 

I— m— r  —  I  — : m'—=r 

dt  dt         dt  dt 

_ ,  dm"  dl" 

+ 1"  — = m"—r~= const. 

dt  dt 

In  the  case  of  a  fluid  as  in  the  case  of 
a  system  of  points,  D'Alembert's  principle 
holds,  and  consequently  the  theorems  of 
the  Conservation  of  Energy,  conservation 
of  the  motion  of  the  center  of  gravity, 
and  of  the  conservation  of  areas  all  hold. 
Thus  we  have  the  means  of  arriving  at 
the  remaining  integrals.  Obviously  the 
principle  of  the  conservation  of  the  mo- 
tion of  the  center  of  gravity  can  give 
nothing  new  as  the  equations  must  be 
identical,  from  the  fact  that  we  assume 
this  motion  to  be  zero. 

Now  let  dr  represent  an  element  of  the 
fluid  mass  which  for  t=o  has  the  co-ordi- 
nates x0,y0,z0  then  we  have  for  the  energy 
at  the  time  t 


T=i/|(t 


yjwj** 


dr 


Now   substitute  here    the  values    of 

dx     dy     dz  ,_  , 

-=-•>    -f ,    —j    from  equations  1.      Make 

dt     dt     dt  ^ 


dr=dxt  dy0  dz0  and  the  variables  of  inte- 
gration respec 
readily  obtain 


gration  respectively  — °,    y,    ■*■,   and  we 


a. 


±7t 


x\dT=—abc-,    j  y0z0dr=o 


y\dT=—abc~,    J  xazQdr=o 

/ 

and  so 


/4  T        c*         /* 
z\dr=—abc-,    J  x0y0dr=o 

In 


14.    T=—abc 
15 


+ 


J/dl\*    /diy   tdl"\\ 
TO  </dm\2    (dm'\*    ldm"\*) 
■  (AM2    /dn V    /dn"\*\ 


496 


VAN  NOSTRAND'S   ENGINEERING  MAGAZINE. 


Further  let  U  denote  the  potential  of 
all  the  working  forces — i.e.,*  in  this  case 
the  potential  of  the  ellipsoid  upon  itself 


V=ftpdi 


It  is  known  to  be  equal  to  ■§■  of  the  vol- 
ume of  the  ellipsoid  multiplied  by  the 
potential  of  the  ellipsoid  at  its  center, 
that  is 


15. 


TT         16?r       *       XT 

15 


Now  the  theorem  of  the  conservation 
of  energy  gives  us 


16. 


T=U  + const.. 


and  the  conservation  of  areas  gives  us 
these  three  integrals, 


A 


dx       dz\ 

z~di~x^]dr> 


A4 


dtl 

dx 
'di 
equal  to  constants.     These  become 

.djr__v,dv 

dt 


-)dr. 


const.  =  a2(l'~-l"~) 
\    dt        dt! 


+  V 


lm' 


dm' 


.dm 


dt 


■m 


'\ 


17.    const 


dl 


dt       dt 


=a2( 

79  /      dm 
\       dt 


+  c2ln' 


dt) 
dn' 


dt 


■  71' 


dn'\ 
~dt) 


) 


dm        dm" 
~dt 


?n 


) 


+  c2 


const. = a2 1 1 
+  b2lm 


dt 

dm' 


l  ti  dn       dn"\ 
\       dt         dt  J 


dl\ 

'dt) 


dm\ 
dt  dt) 


+  0' 


(dn         dn\ 
n— — n'-=-\ 
dt  dt) 

We  have  thus  seven  first  integrals  of 
our  general  differential  equations.  From 
this  point  we  might  take  up  several  spe- 
cial cases,  but  though  all  are  interesting 
we  will  only  take  up  the  one  in  which 
there  is  no  motion  of  rotation  or  the  di- 


changed  during  the  motion.     This  sup- 
position gives  us, 


x=l 


xn 


V 


and 


l'=l"=m=m"=n: 


n"Z± 

-rV  —  o 


It  will  make  no  difference  in  the 
nature  of  our  results  if  we  write  x=lx0, 
y=nyo,  z=n"z°,  instead  of  the  above 
forms,  and  by  doing  so  we  retain  a  simi- 
larity in   our   results  to   some  previous 

ones,  understanding  that  l=— ,  &c.     We 

have  now  for  <p, 

18.    <p=7ra0b0cQ 

l2x\ 


an 


oo 


m'-y0 


n"2z 


Pa2  +  x     m2'b2  +  x     ^/2c2  +  x 


a/(*V  +  X)W\*  +  X)(n"W  +  X) 

Call  the  denominator  under  the  integral 
sign  D  and  our  differential  equations 
become 


dt2  ~  a2 


r 


*««&*./*  w*?+i 


,d2m'     2a> 
19.  m  -^-=^-2^ra/0c0 


<*X 


r  ax 

V      D 

f*dx 


m 


/•2 


m'2ba+x 


n'i 


n'"c:+x 


d'n     2«-    „       x       p"dx 

n"de=--^-*na>b>V    d 

and  the  determinant  becomes 
lm'n"=l 

The  equations  13.  have  their  second 
members =o.  This  is  the  case — see 
first  chapter — when  the  angular  motion 
of  the  fluid  particles  is=o.  And  there 
exists  in  consequence  a  velocity  potential. 
Equations  17.  have  their  first  members 
=  o.  And  from  the  equation  expressing 
the  conservation  of  energy  we  can  obtain 
a  first  integral. 

Suppose  that  our  ellipsoid  is  one  of 
revolution  around  the  axis  of  z,  its  initial 
equation  will  be 


x 


and  at  the  time  t 


x  -\-y~ 


a' 


+0-1 


The   conditions    that   these    shall  be 
identical  are  easily  found  to  be  (under 


rections  of  the  principal  axes  remain  un-  j  the  new  significance  of  l,m,  .  .  .  n") 
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l"=?n"=>i  =  >i'z=o 
l=±?)i',    l'=±)ii 

The  ambiguity  in  the  signs  is  removed 
by  taking  n"  ;is  positive,  then  by  aid  of 
the  determinant  that  we  have  used  before 
we  see  that 

l=m',    l'=  —  >)i 
and  the  determinant  becomes 

(r  +  m")n"=l 
and  we  find  immediately 


2     a* 
a  =  — 


3  ,2       "2 

o  =c.  n 


and 

x=lx0  +  my0,  y=  —  mx9+lf/0,  z=n'% 

These  equations  evidently  represent  a 
motion  made  up  of  certain  displace- 
ments in  the  direction  of  the  axes, 
together  with  a  rotation  around  z.  We 
have  now  for  #, 
<p=7ta*c 


fn" ! 


n'  z„ 


(aQ*  +  n"x)Vc9*n">  +  x 


-*x 


and  we  obtain  readily  for  our  new  differ- 
ential equations 

2w 


dV       d*m 

I  ,    +  m  -77 
dr         (lc 


—  27T(f'iCm 


a. 


/r 


n"dx 


W+n"xW(»<"W  +  x) 


it 


n 


d-n' 
d? 


2"     o       o 


/<x> 
(7i, 


n"*dX 


_  d'm        d2l 
dt~  dt 


"xw*<>:+x\% 

0 


The  third  of  these  gives  us  the  integral 

Idni  —  mdl= c'dt 

c  being  a  constant. 

This  is  the  only  integral  given  by 
equations  (13)  and  (17).  The  conserva- 
tion of  energy  gives  one  more  integral. 
The  discussion  of  these  results  enables 
us  to  determine  the  motion  (vibratory) 
of  the  surface  of  the  ellipsoid. 
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From  "Iron." 


Scattered  throughout  the  iron-making 
districts  of  Great  Britain  are  many  mill- 
ion tons  of  scoria  or  refuse  from  the 
blast  furnaces,  which  is  technically  known 
as  slag.  This  slag  goes  on  accumulating 
at  the  rate  of  nearly  eight  millions  of 
tons  per  annum,  its  bulk  being  some 
three  times  that  of  the  iron  from  which 
it  has  been  separated.  It  forms  a  heavy 
encumbrance  to  ironmasters,  demand- 
ing the  purchase  of  large  tracts  of  land 
whereon  to  deposit  it,  the  investment 
being,  of  course,  wholly  unremunerative. 
There  are  one  or  two  exceptions  to  this 
rule,  as  at  the  Barrow  Hematite  Iron 
Works,  where  the  slag  is  tipped  into  the 
sea  and  serves  to  form  land  for  the 
works,  and  at  Middlesbrough,  where 
some  of  the  iron  works  supply  slag  for 
the  construction  of  the  breakwater  and 
training  walls  in  the  river  Tees.  The 
quantity  thus  utilized,  however,  on  the 
Tees  is  but  about  600,000  tons  per  annum, 
forming  only  a  small  proportion  of  the 


whole  yield  of  the  district.  In  some 
cases  where  the  iron  works  are  conven- 
iently situated,  the  slag  is  carried  out  by# 
barges  and  tipped  on  to  banks  at  high 
water  to  form  training  walls  or  for 
reclaiming  landr  being  thus  got  rid  of. 
But,  as  a  rule,  the  labor  and  capital 
expended  upon  this  unproductive  sub- 
stance tell  heavily  upon  profit.  No 
wonder,  then,  that  from  the  first  persist- 
ent efforts  have  been  made  either  to 
utilize  it  or  to  get  rid  of  it  altogether. 
In  early  times  slag  was  broken  up  by 
hand  and  used  for  road-making,  and  it 
so  continues  to  be  used  where  it  can  be 
had  without  a  heavy  cost  for  transport ; 
but  there  is  only  a  limited  demand  i'ur  it 
for  this  purpose.  On  the  Continent, 
where  stone  is  scarce,  slag  plays  a  prom- 
inent part  in  road-making,  as  in  Silesia 
and  other  similarly  situated  districts. 
Another  direction  in  which  many 
attempts  have  been  made  to  utilize  slag, 
both  at  home  and  abroad,  is  to  adapt  it 
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for  constructive  purposes,  and  various 
schemes  have  been  devised  for  trans- 
forming the  highly  refractory  slag  into 
bricks,  sand,  and  other  materials  for 
building.  Some  of  these  schemes  have 
proved  successful  within  certain  limits; 
but  the  peculiar  nature  of  the  slag  has 
more  generally  ■  led  to  failure,  owing 
either  to  the  difficulty  of  dealing  with  it, 
or  the  attendant  expenses.  Among  the 
most  prominent  living  scientific  investi- 
gators of  the  question  was  Mr.  Bessemer, 
and  about  fifteen  years  since  Mr.  John 
Gjers  devised  a  method  of  granulating 
slag,  the  sand  produce  being  used  in 
place  of  silicious  sand  on  the  pig  beds. 
The  practice,  however,  was  discontinued 
after  a  time  for  technical  reasons. 
Several  other  practical  men  have  taken 
an  active  part  in  endeavoring  to  solve 
the  slag  difficulty,  among  them  being 
Mr.  D.  Joy,  Mr.  T.  Bell,  Mr.  Liirmann, 
and  Mr.  Homer.  Some  time  since  Mr. 
Charles  Wood,  of  Middlesbrough-on- 
Tees,  directed  his  attention  to  the  utili- 
zation of  this  unproductive  material,  and 
after  about  five  years  of  careful  study, 
experiment  and  practical  research,  he  has 
succeeded  in  effecting  the  conversion  of 
blast-furnace  slag  into  various  forms, 
and  in  applying  it  to  several  industrial 
purposes  upon  a  practical  and  commer- 
cial scale.  At  the  time  when  he  started 
upon  his  investigations,  there  was  no 
instance  of  slag  being  manufactured  into 
a  commercial  commodity  in  this  country, 
its  only  known  application  being  that  of 
road-making.  Mr.  Wood,  however,  has 
succeeded  in  utilizing  it  for  the  manu- 
facture of  building  bricks,  concrete, 
cement,  mortar,  and  slag  wool.  The 
various  processes  of  conversion  and 
manufacture  are  carried  on  under  Mr. 
Wood's  management  at  the  Cleveland 
Slag  Works  at  Middlesbrough,  which, 
together  with  the  adjoining  Tees  Iron 
Works,  belong  to  Messrs.  Gilkes, 
Wilson,  Pease  &  Co.,  of  which  latter 
works  Mr.  Wood  is  also  the  manager, 
and  whence  the  slag  is  obtained.  In 
following  the  highly  interesting  pro- 
cesses of  conversion  consecutively,  we 
must  first  take  our  readers  to  the  iron 
works,  where  the  slag  is  run  from  the 
blast  furnaces  into  two  different  ma- 
chines, one  of  which  produces  a  coarse 
kind  of  shingle,  and  the  other  a  fine 
sand.     For   making    shingle   the   liquid 


slag  is  run  direct  from  the  blast  furnaces 
on  to  a  circular,  horizontal,  rotative 
table  composed  of  thick  slabs  of  iron 
kept  cool  by  having  water  circulated 
through  them.  The  table,  which  re- 
volves slowly,  carries  the  slag  around  to 
a  certain  point,  by  which  time  it  has 
solidified.  At  that  point  it  encounters  a 
stream  of  water,  which  further  cools  it, 
and  soon  after  it  comes  against  a  set  of 
scrapers,  which  break  it  up  and  clear  it 
off  the  table,  delivering  it  into  wagons 
placed  below,  and  which  convey  it  away. 
For  producing  slag-sand,  the  slag  is  run 
from  the  blast  furnace  into  a  hollow 
wheel  revolving  upon  a  horizontal  axis,  and 
fitted  with  iron  buckets  inside.  A  bath  of 
water  is  maintained  inside  the  wheel  at 
the  bottom,  and  is  kept  in  a  state  of 
violent  agitation  by  the  revolving  action. 
As  the  molten  slag  enters  the  body  of 
water  it  is  immediately  disintegrated 
and  assumes  the  form  of  sand,  the  water 
taking  up  the  heat  from  the  molten  slag 
and  giving  it  off  in  the  shape  of  steam. 
A  constant  flow  of  water  is  maintained 
into  the  machine,  and  the  sand  is  separ- 
ated from  it  and  elevated  to  the  top  of 
the  machine  by  the  bucket  plates,  which 
are  perforated.  Arrived  at  the  upper 
part  of  the  machine,  the  slag-sand  is 
dropped  into  a  spout,  and  thence  finds 
its  way  into  wooden  wagons,  by  which 
it  is  conveyed  to  the  slag  works  for 
manufacture. 

The  slag  works  occupy  a  main  build- 
ing 120  feet  long,  50  feet  wide  and  five 
stories  high,  with  basement  beneath,  and 
engine-house,  boiler-house,  and  other 
accessories  annexed.  This  building  was 
constructed  of  slag  cement  concrete, 
composed  of  four  parts  of  slag-shingle 
to  one  part  of  cement,  and  it  forms  a 
very  solid  and  comparatively  indestructi- 
ble structure.  The  slag-sand  is  brought 
here  from  the  blast  furnace  and  is  tipped 
into  stores  below,  whence  it  is  elevated 
to  the  top  floor  by  means  of  a  hoist, 
which  is  fitted  with  an  ingenious  auto- 
matic safety  brake  designed  by  Mr. 
Wood.  The  special  manufacture  in  this 
building  is  that  of  bricks,  and  in  carry- 
ing this  out  two  machines  are  used,  one 
having  been  designed  by  Mr.  J.  J. 
Bodmer  and  the  other  by  Mr.  Wood. 
For  the  Wood  machine  the  sand  is 
delivered  into  a  hopper  through  a  coarse 
screen,  which  retains  any  pieces  of  slag 
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or  other  substances  which  may  have 
found  their  way  into  the  sand.  Arrived 
at  the  floor  below,  the  sand  is  automati- 
cally measured  on  a  revolving  cylinder, 
divided  on  the  outside,  and  placed  at  the 
bottom  of  the  hopper.  From  another 
hopper  selenitic  lime  in  powder  is  also 
measured  by  a  similar  contrivance,  and 
the  two  substances  unite  in  one  shoot, 
where  they  become  mixed  in  the  propor- 
tion of  ten  parts  of  sand  to  one  of  lime. 
The  mixture  is  carried  down  a  hopper 
into  the  pug-mill  of  the  brick-making 
machine,  where  the  two  substances  are 
further  incorporated.  This  machine  was 
designed  by  Mr.  Wood,  and  is  the  out- 
come of  considerable  experience  with 
another  machine  to  which  we  shall  pres- 
ently refer,  and  which  it  has  to  some 
extent  superseded.  Mr.  Wood's  brick 
machine  has  a  horizontal,  circular,  rota- 
ting moulding  table,  which  contains  six 
pairs  of  moulds,  four  bricks  being 
pressed  at  the  same  time.  During  the 
time  of  pressing — which  is  effected  by 
direct  mechanical  pressure — the  table 
remains  stationary,  and  the  same  time 
four  other  moulds  are  being  filled  and 
the  remaining  four  are  delivering  the 
pressed  bricks.  As  they  are  delivered 
they  are  taken  off  the  machine  by  two 
girls  and  are  removed  to  an  air-drying  shed 
— the  machine  producing  from  11,000  to 
12,000  bricks  per  day.  There  they  re- 
main for  a  week  or  ten  days,  after  which 
they  are  stacked  in  the  open  air  to 
harden,  which  occupies  another  five 
weeks  or  so,  when  the  bricks  are  ready 
for  the  market.  The  bricks  thus  pro- 
duced are  very  tough ;  they  do  not  split 
when  a  nail  is  driven  into  them,  and  are 
largely  used  for  interior  work,  for  which 
they  are  well  adapted  from  the  regularity 
their    surface    and    other   qualities. 


favorable  to  the  hardening  process.  The 
second  machine  at  the  Cleveland  Slag 
Works  is  that  of  Mr.  J.  J.  Bodmer,  and 
was  the  first  one  put  up  at  the  works. 
It  is  worked  by  hydraulic  power,  and 
has  a  horizontal  revolving  table  with 
twelve  moulds.  The  slag-sand  and  the 
lime  are  mixed  on  their  way  to  the  ma- 
chine, but  the  machinery  for  effecting 
the  mixing  is  more  complex  than  that 
used  for  Mr.  Wood's  machine.  The  rate 
of  production  in  the  Bodmer  press  is 
about  the  same  as  in  the  Wood  machine, 
the  distinctive  difference  between  the 
two  presses  being  that  the  former  is 
worked  by  hydraulic  power,  and  the 
latter  by  direct  mechanical  pressure,  Mr. 
Wood's  machine  possessing  several  ad- 
vantages over  that  of  Mr.  Bodmer.  In 
another  department  the  manufacture  of 
artificial  stone  is  carried  on,  the  stone 
being  moulded  into  chimney-pieces,  win- 
dow-heads, balustrading,  and  outside  or- 
namental builders'  work  generally.  The 
stone  is  composed  of  two-and-a-half 
parts  of  finely  pulverized  slag  and  two- 
and-a-half  parts  of  ground  brick  to  one 
part  of  Portland  cement.  The  mixture 
is  run  into  moulds  and  sets  quickly,  the 
articles  being  ready  for  the  market  in 
four  or  five  days.  Besides  bricks  and 
stone  articles,  the  slag  is  used  for  mak- 
ing mortar,  cement,  and  concrete.  The 
mortar  is  a  mixture  of  slag  and  common 
lime,  the  cement  being  composed  of  the 
same  materials  with  the  addition  of  iron 
oxides.  Slag  cement  also  forms  the  sub- 
ject of  a  recent  invention  by  Mr.  Fred- 
erick Ransome,  who  has  produced  some 
very  remarkable  results.  His  cement 
consists  of  a  mixture  of  slag-sand  and  car- 
bonate of  lime  in  the  proportion  of  two 
parts  of  lime  to  one  part  slag-sand.  These 
are  burnt  together,  and  experiments  show 


They  find  a  good  market  in  London,  and '  the   result   to   be   a   cement   possessing 
are  not  subject  to   breakage   in  transit,   nearly  30  per  cent,  greater  strength  than 


According  to  a  certificate  recently  issued 
from  Kirkaldy's  testing  works,  some 
bricks  taken  from  a  stock  three  years 
old  were  not  crushed  until  a  pressure  of 
21  tons  had  been  reached.  Others 
taken  from  a  stock  four  months  old  were 
crushed  with  9  tons  pressure,  thus  show- 
ing not  only  unusual  toughness  and 
strength,  but  that  they  were  greatly  im- 
proved by  age.  We  thus  have  the  curi- 
ous anomaly  of  bricks  being  made  with- 
out burning  and  of  a  wet  season  being 


Portland  cement. 

Perhaps  the  most  beautiful,  and  cer- 
tainly not  the  least  remarkable,  outcome 
of  blast  furnace  slag  is  slag-wool,  or  sili- 
cate cotton  as  it  is  also  called,  owing  to 
its  resemblance  to  cotton-wool.  The  pro- 
cess originated,  we  believe,  with  Messrs. 
Siemens  Brothers,  on  the  Continent,  and 
the  manufacture  has  been  before  attempt- 
ed in  England,  but,  as  far  as  we  are 
aware,  has  not  succeeded  As  carried  out 
by  Mr.  Wood,  at  the  Tees  Ironworks,  a 
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jet  of  steam  is  made  to  strike  against  the 
stream  of  viscous  molten  slag  as  it  is  run 
off  from  the  blast  furnace.  This  jet  scat- 
ters the  molten  slag  into  a  stream  of  shot 
which  is  projected  forwards  near  the 
mouth  of  a  large  tube,  in  which  a  couple 
of  steam  jets  cause  an  induced  current  of 
air.  This  tube  opens  into  a  receiving 
chamber,  composed  chiefly  of  wire  gauze, 
and  measuring  about  33  feet  long,  by  15 
feet  wide,  and  12  feet  high.  As  each 
shot  leaves  the  stream  of  slag  it  carries 
a  fine  thread  or  tail  with  it.  The  shot, 
being  heavy,  falls  to  the  ground,  while 
the  fine  wooly  fibre  is  sucked  through  the 
tube  and  deposited  in  the  chamber.  The 
appearance  of  this  chamber  after  a  charge 
has  been  blown  into  it  is  singularly  beau- 
tiful. Not  an  inch  of  floor,  sides,  or  roof 
but  is  covered  with  a  thick  layer  of  the 
downy  silicate  cotton,  bringing  forcibly 
to  mind  the  familiar  words  of  the  old 
147th  Psalm— 

"  Large  flakes  of  snow  like  fleecy  wool." 

After  each  blowing  the  wool  is  re- 
moved by  forks,  and  packed  in  bags  for 
consignment  to  a  London  firm — Messrs. 
Daniel  Dade  &  Co., — who  make  it  into 
mattresses  which  are  used  for  covering 
steam  boilers,  and  for  other  purposes 
where  it  is  desired  to  prevent  the  radi- 
ation of  heat.  For  this  purpose  slag- 
wool  is  eminently  adapted,  as  it  is  a 
very  bad  conductor  of  heat,  and  is, 
moreover,  perfectly  incombustible.  The 
make  of  slag-wool  at  the  Tees  Works  is 
about  three  tons  per  week,  and  as  during 
the  running  of  a  4-ton  slag  ball  about 
1^  cwt.  of  slag-wool  is  made,  it  follows 
that  for  producing  these  three  tons 
nearly  200  tons  of  slag  have  to  be  oper- 
ated upon.  Another  useful  purpose  for 
which  blast-furnace  slag  has  been  suc- 
cessfully utilized  is  that  of  glass  manu- 
facture. The  vitreous  character  of  slag 
indicates  a  resemblance  to  glass  in  its 
composition.  It  does,  in  fact,  contain 
the  principal  components  of  glass,  but 
not  in  proper  proportions,  and  those  in 
which  it  is  deficient  have  therefore  to  be 
added  with  others  which  are  not  present. 
Some  years  since  Mr.  Bashley  Britten 
investigated  this  question,  and  in  the 
end  succeeded  in  utilizing  for  the  manu- 
facture of  glass,  not  only  the  material, 
but  the  heat  of  the  slag.  This  latter  is 
a   very    important   point,   inasmuch    as 


upon  it  depends  the  economy  of  the 
utilization,  and,  therefore,  its  commercial 
success.  The  practical  result  of  Mr. 
Britten's  researches  was  the  establish- 
ment by  a  company  of  some  works  at 
Finedon,  in  Northamptonshire,  where 
the  manufacture  of  glass  bottles  from 
slag  is  now,  and  has  for  some  time  past, 
been  regularly  carried  on.  The  glass 
works  are  situated  in  close  contiguity  to 
the  blast  furnaces  of  the  Finedon  Iron- 
works, where  the  Northamptonshire  ore 
is  worked,  and  as  the  molten  slag  is  run 
from  the  furnaces  it  is  conveyed  in  carri- 
ers to  the  glassworks.  In  these  works  a 
Siemens  regenerative  gas  furnace  applied 
to  a  glass-melting  tank  enables  the  prepar- 
ation of  the  "metal"  to  be  carried  on 
continuously,  affording  a  constant  sup- 
ply to  the  glass  blowers.  The  ingredi- 
ents of  the  glass  are  fed  into  the  tank  in 
charges  of  about  500  lbs.,  the  larger  half 
of  which  is  the  molten  slag,  the  remain- 
der being  the  other  necessary  ingredi- 
ents, such  as  sand  and  alkalis.  In  the 
tank  these  substances  are  fused  and 
fined,  the  fused  metal  flowing  through  a 
bridge  to  the  other  end  of  the  tank, 
where  there  are  five  working  holes,  from 
which  the  metal  is  taken  by  the  workmen 
and  fashioned  into  useful  articles  in  the 
usual  way.  For  the  present  the  manu- 
facture is  confined  to  wine  and  beer 
bottles,  of  which  about  ninety  gross  can 
be  produced  per  day.  So  far  the  results 
have  proved  sufficiently  satisfactory  to 
induce  the  company  to  extend  their 
works,  plans  for  which  are  in  course  of 
preparation.  It  is  proposed  to  erect 
not  only  additional  furnaces,  but  plant 
for  the  manufacture  of  other  articles 
besides  bottles,  and  for  these  a  wide  field 
opens  itself.  The  glass  produced  is  said 
to  be  stronger  than  ordinary  glass,,  and 
the  color  can  be  varied  as  required,  the 
natural  tint  being  green.  Its  working 
qualities  are  said  to  be  of  the  highest 
order,  as  it  comes  from  the  furnace 
in  the  best  possible  condition  for  the 
worker.  Some  bottles  made  at  Finedon 
were  sent  to  the  Paris  Exhibition,  last 
year,  where  they  obtainedho  norable 
mention,  a  testimony  at  once  to  their 
character.  A  new  method  of  toughening 
glass  has  recently  been  discovered  by  Mr. 
Frederick  Siemens,  of  Dresden,  and  it  is 
proposed  to  apply  this  process  to  slag 
glass  for  the  purpose  of  manufacturing 
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railway  sleepers  and  other  articles.  De- 
tails of  Mr.  Siemens'  process  are  not  at 
present  to  hand,  but,  judged  by  results, 
it  would  appear  to  differ  from  that  of  M. 
de  la  Basties,  inasmuch  as  when  the 
toughened  glass  is  broken  it  does  not 
fly  into  minute  atoms  as  does  de  la  Bas- 
tie's,  but  simply  fractures,  somewhat  sim- 
ilarly to  east  iron. 

We  have  now  taken  our  readers  through 
the  various  interesting  and  ingenious  pro- 
cesses which  are  being  carried  on  as  or- 
dinary commercial  pursuits.  The  success- 
ful utilization  of  slag  has  a  double  im- 
portance— it  not  only  helps  to  produce 
the  annual  accumulation  of  a  cumbersome 
and  worthless  waste  product,  but  it  adds 
new  branches  of  manufacture  to  the  in- 
dustrial arts.  Mr.  Wood  may  be  com- 
plimented upon  his  perseverance  and 
congratulated  upon  his  success.  When 
in  full  work,  450  tons  of  slag  are 
produced  per  day  at  the  Tees  Works, 
and  of  this  quantity  about  1,000  tons 
per  month  are  converted  into  sand  for 
brick  making,  the  average  make  with 
the  two  machines  going  being  110,000 
brinks  per  week,  the  whole  of  which  now 
find  a  ready  sale  in  the  London  market. 


We  should  mention  that  slag  bricks  are 
also  being  make  at  the  Moss  Bay  Iron- 
works, by  Messrs.  Kirk  Brothers,  who  re- 
duce the  slag  to  powder  first  under  edge 
runners,  and  then  pass  it  between  mill- 
stones. The  powder  is  then  moistened 
i  and  pressed  into  bricks,  which  are  hard- 
ened in  the  open  air.  The  bricks  are 
very  good,  but  they  are  heavy,  and  are 
said  to  be  expensive.  At  the  Acklam 
Ironworks,  blocks  for  paving  streets, 
stables,  and  the  like,  are  being  made  from 
slag.  The  slag  is  there  run  into  heated 
moulds,  and  after  each  block  is  formed, 
it  is  removed  from  the  mould  and  placed 
in  an  oven  to  anneal.  These  blocks  are 
heavy,  but  wear  well.  In  view  of  the 
general  usefulness  of  slag  when  converted 
into  the  various  articles  we  have  described, 
it  is  to  be  hoped,  in  the  interests  of 
commerce  and  progress,  that  the  practice 
of  its  utilization  may  become  more  and 
more  extended.  Doubtless  human  prog- 
ress will  show  that  what  is  now  the  veri- 
est waste  will,  in  the  course  of  time,  as- 
sume a  condition  of  value.  Thus  will  art 
be  made  to  approximate  to  nature  in  that 
it  will  know  no  waste. — The  Times. 
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Contributed  to  Van  Nostrand's  Engineering  Magazine. 


Having  given  in  this  Magazine  for 
October,  1878,  a  method  of  finding  empir- 
ical formulae  for  the  strength  of  pillars, 
I  now  offer,  as  the  result  of  further  inves- 
tigation, a  formula  resting  upon  theoret- 
ical grounds  alone,  verified  by  a  limited 
number  of  experiments,  and,  so  far  as  I 
know,  new,  not  in  its  form,  but  in  the 
mode  of  its  derivation,  in  the  number  and 
character  of  its  variables,  and  (for  pillars 
fulfilling  its  conditions)  in  its  freedom 
from  empirical  constants  requiring  for 
their  determination  the  destruction  of 
many  pillars. 

In  other  words,  an  attempt  is  here 
made  to  establish  a  formula  for  the 
strength  of  pillars  that  yield  by  bending 
rather  than  by  direct  crushing,  in  terms 
of  the  modulus  of  transverse  elasticity  of 
the  material,  and  of  its  ultimate  resist- 
ance to  compression.  If  this  effort  prove 
successful  we  shall  have  a  formula  at  once 


applicable  to  all  materials  used  for  such 
pillars,  struts,  or  columns,  of  whatever 
cross-section,  and  testing  will  be  reduced 
to  the  simple  determination  of  these  two 
factors  from  small  specimens,  without  the 
expensive  destruction  caused  by  testing 
the  finished  pillar. 

And,  although  for  certain  materials,  as 
wrought  iron,  for  instance,  the  greatest 
resistance  to  direct  crushing,  has  not  been 
very  definitely  ascertained,  yet  as  Mr. 
William  Kent  has  pointed  out,  this  indef- 
initeness  has  resulted  less  from  inability 
to  make  the  correct  determination,  than 
from  the  want  of  uniformity  of  method 
on  the  part  of  those  who  have  treated  the 
subject.  With  a  proper  definition  of  the 
term  "ultimate  resistance  to  compression," 
there  can  be  no  great  difficulty  in  its  de- 
termination from  standard  specimens  by 
means  of  a  suitable  machine. 

The    "modulus   of     elasticity"  also — 
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although  it  is  in  one  sense  an  imaginary 
number,  truly  expresses  the  relation  of 
magnitudes  which  are  definite  and  meas- 
urable. 

Only  pillars  of  uniform  cross-section 
are  here  considered. 


Let 


h 
h-. 


length  of  pillar, 
least  diameter. 

r=  least  radius  of  gyration  of  cross- 
section. 

S  =  area  of  cross-section. 

T>=z  greatest  deflection  of  pillar,  all 
in  inches. 

E  =  modulus  of  transverse  elasticity 
in  lbs.  per  square  inch. 
I=S  r*=  least  moment  of  inertia  of  cross- 
section.    - 

C=  crushing  strength  of  standard 
specimen  in  lbs.  per  square 
inch. 

Pz=  breaking  weight  applied  at  the 
end  of  the  pillar  and  in  the 
line  of  its  axis  before  deflec- 
tion, in  lbs.  per  square  inch. 

P 
Q=75  =  breaking  weight  per  square  inch 

of  cross-section. 
Ma;=  moment  of  forces  devoloped  in 

any  normal  cross-section  by 

the  given  load,  P. 
Mx=  the  end  moment  at  the  lower 

end  when  that  end  is  fixed. 
M2  =  the  end  moment  at  the  top  when 

the  upper  end  is  fixed. 

Suppose  the  pillar  vertical,  and  take 
the  origin  of  rectangular  co-ordinates  at 
the  lowest  point  of  the  pillar's  axis,  which 
call  also  the  axis  of  x.  Then  the  ordi- 
nary expression  for  the  moment  at  any 
cross-section,  is, 


x- 


■M.  +  Py,  (1) 


,,  ^-rd'y    M-M0 

M~  =  — EI -  —  — * ? 

dx*-        I 

wherein  no  account  is  taken  of  the  mod- 
ified condition  of  every  cross-section, 
due  to  the  longitudinal  pressure  Q  per 
unit. 

Now,  since  the  full  unit-strength  of 
the  cross-section  of  the  unloaded  pillar 
is  C,  and  the  remaining  unit-strength  of 
the  loaded  pillar's  cross-section  is  (C-Q), 
it  follows  that  the  expression  for  the 
moment  of  the  internal  forces,  developed 
in  any  cross-section,  must  be  diminished 


in  the  ratio 


C-Q 
C    * 


We  then  have 


M„ 


if 


_,  ,d*y     M-M 
dx%  I 


'■a-l^  +  Py,  (2) 


€'  = 


EI(C-Q)     Er2(C-Q) 


PC 


QC 


There  will  be  three  cases,  according  as 
we  consider  neither,  both,  or  one  only, 
of  the  ends  fixed. 

I.  If  neither  end  can  produce  any 
moment,  Ml=Ma  =  o,  and  we  have  from 
equation  (2) 

^=-y  ■  •  •  (*> 

Multiplying  by  2dy, 

Integrating  this  equation  and  putting  a2 
for  the  arbitrary  constant  of  integration, 


l±rf-*! 


From  which 


dx 


dy 


e  -(a'-yy 

Integrating    again   between   the   limits, 
for  x,  o  and  I,  and  for  y,  o  and  o, 


l=e  \  sin-1  -  [ 


Sn7t; 


where  n  may  be  any  whole  number;  but 
in  order  that  P  may  have  the  least  value 
it  can  have,  consistent  with  the  bending 
of  the  pillar,  necessarily  assumed  in 
establishing  equations  (1)  and  (2),  n 
must  be  equal  to  unity.  (See  Mankinds 
Applied  Mechanics,  page  352).  There- 
fore 

7r2Er2(C-Q) 


?=n*€*: 


QC 


Q^= 


C 


1  + 


(A) 


which  is  the  formula  for  pillars  with 
rounded  ends  that  can  generate  no  end- 
moments. 

II.  If  both  ends  of  the  pillar  are 
equally  fixed,  so  that  the  elastic  curve  at 
each  end  after  flexure,  has  for  its  tangent 
the  original  undeflected  axis,  then  in 
equation  (2)  MX=M2,  whence 

Multiplying   by   2dy,    equation    (4)    be 
comes 


(4) 
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2P^^=2M^-2Py^ 
Integrating  we  find 

P^=2M,y-Py  +  «   ...  (5) 

where   a,   the   arbitrary   constant,  must 

vanish,  since  ~  =  o  when  y = o. 
dx  * 

Hence  from  (5) 

dx  dy 


<VP     (2Ml2/- re- 
integrating   again   with    the    condition 
that  y—o  when  x=o,  there  results,  after 
canceling  a/P  from  the  denominators, 


x 


=  sm_1- 


_,    (2Py-2M.)      * 


1      2M, 


+ 


(6) 


Also  we  have  y=o  when  x=l,  so  that 
(6)  becomes, 

hH-xK 

to  be  consistent  with  the  permanence  of 
/,  and  with  the  least  positive  value  of  P. 
Therefore 

47T2Er2(C-Q) 


expressed  by  the  equation  of  a  parabola, 
viz., 

y=x  +  bx2,     ...      (8) 
where,  since  y=o  when  x=l, 

--}■ 

and  shall  attempt  only  an  approximate 
solution  for  this  third  case. 

Putting  this  value  of  y  into  equation 
(7),  it  becomes 

dx  I 

Integrating   with   the   condition    that 
dy  .  .         . 

j-.  —  0  when  x=l,  since  the  upper  end  of 

the  pillar  is  now  fixed, 

.'-?^=i™(x*-r)-±i>b(x>-i>).  .  (9) 

Integrating  again  between  the  limits  o 
and  y,  o  and  x, 

.:  Fe*y=lmQ-l>x  )  -JP6  g'-^lO) 

But  y—o  when  x=7,  hence  from  (10) 

.     .     (10) 


m=fPW. 


J»=4?rV  = 


Q= 


QC 


C 


1  + 


CI' 


(B) 


47raEra 


P£: 


which  is  the  formula  for  pillars  with  both 
ends  equally  and  fully  fixed. 

III.  When  one  end  of  the  pillar  is  fixed, 
and  the  other  end  can  cause  no  end-mo- 
ment, we  have  (say)  Mx  =  o,  and  derive 
from  equation  (2), 

an  equation  whose  second  member  can- 
not be  integrated  without  specific  con- 
nection between  x  and  y,  unless  there 
is  such  a  relation  among  the  quantities 
which  compose  it,  that  the  member  shall 
be  wholly  a  function  of  x.  (See  DeMor- 
garis  Dif.  and  Int.  Calculus,  page  208.) 
Not  knowing  the  specific  connection 
between  x  and  y,  nor  what  relation  among 
its  component  quantities  there  may  be,  to 
render  the  second  member  a  "function  of 
x  only,"  I  shall  here  assume  a  connection  j 


dy_ 


If  in  (9)  we  make  -f=o,  we  may  find 

the  value  of  x  which  renders  pDa  max- 
imum. Dividing  by  (x  —  l),  and  by  means 
of  (11),  eliminating  m  and  ~Pb,  we  derive 
from  (9)  when  y  is  a  maximum, 

a=Ty(i±V33), 

=0.42153^ 

since  the  negative  value  is  not  here  ad- 
missible. 

Taking    z=0.42153J,    y=x  +  bx2,    and 

b=  —  y,  we  find  from  (10)  after  restoring 

s2  and  m,  and  reducing, 

Q= <L-  = ^_,...c 


1  + 


Cl: 


22.511Er2 


1  + 


CP 


2.287T2Er2 


which  is  an  approximate  formula  for  pil- 
lars having  but  one  end  fixed. 

The  reader  must  have  observed  the 
identity  in  the  form  of  equations  (A), 
(B),  and  (C),  with  that  of  the  well-known 
Gordon  Formula,  especially  as  modified 
by  Rankine's  introduction  of  r2  as  a 
function  of  A2,  and  with  Hodgkinson's 
supplementary  formula. 

There  is  also  a  gratifying  identity  in 
the  relation  of  the  constants  peculiar  to 
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the  condition  of  the  pillar,  as  herein 
found  analytically,  and  the  relation  of 
the  corresponding  constants  as  deduced 
from  experiments  of  Hodgkinson  and 
others. 

These  constants  as  determined  above 
are  proportional  to  the  numbers  here 
placed  below  the  letters  marking  their 
respective  f ormulae ; 

(A)  •  (B)  .  (C) 
1.4.  2.28 

in  the  denominator  of  the  denominator. 
And  in  Eankine's  Hides  and  Tables, 
page  210,  for  the  corresponding  cases 
we  find 

4       1        13. 

in  the  numerator  of  the  denominator. 
Inverting  these  last  that  they  may 
become  factors  in  their  respective 
denominators,  we  have 

1         1  __9_ 

4    *     x    '     16* 

Multiplying  these  by  4,  for  comparison 
with  the  first  set,  we  get  the  proportion- 
als 1.4.  2.25. 

This  comparison  of  constants  affords  a 
presumption  that  the  approximation  in 
formula  (C)  is  practically  near  enough  to 
the  exact  solution.  In  fact,  the  import- 
ance of  even  this  degree  of  exactness,  in 
the  relation  of  these  three  constants, 
seems  not  great,  when  we  reflect  that,  in 
practice,  we  seldom  know  to  what  degree 
a  given  strut  really  fulfills  one  of  these 
three  conditions;  that  is  to  say,  we 
cannot  often  tell  the  exact  amount  of  in- 
fluence which  the  end-bearings,  or  fasten- 
ings, exert  upon  the  stability  of  the  strut 
or  pillar.  For  example,  the  experiments 
in  Table  I  below,  numbered  16,  17,  13, 
14,*  11,  5,  21,  for  pillars  having  hinged 
or  round  ends,  or  pin-bearings,  are  better 
represented  by  the  formulae  for  pillars 
with  one  end  fixed,  than  by  the  formulae 
for  those  incapable  of  developing  end- 
moments. 

1.  Wrought  Iron. — Let  us  now  apply 
our  formulae  to  actual  tests  of  the 
strength  of  columns,  so  far  as  we  can  in 
the  present  state  of  uncertainty  in  re- 
gard to  the  values  of  the  variables  C  and 
E ;  and  first  take  wrought  iron  columns 
as  tested  for  the  Cincinnati  Southern 
Railway,  and  reported  by  Mr.  Thomas 
D.  Lovett,  who  says:  "More  of  these 
tests  were  made  than  would  have  been 
necessary    if    the    formula    (Gordon's) 


adopted  in  the  specifications,  for  the  de 
termination  of  the  sectional  areas  of  col- 
umn s,  had  been  of  universal  authority ;  but 
though  the  best  yet  proposed,  doubts  were 
expressed  by  competent  bridge-builders 
and  engineers,  as  to  its  correctness  when 
applied  to  columns  of  certain  shapes, 
and  it  was  thought  best  to  make  a  num- 
ber of  experiments  sufficient  to  test  the 
ormula  itself." 

In  that  report  we  find  Gordon's  for- 
mula, 

P  / 


S 


both  ends  flat. 


r 


3000A2 


/ 


1  + 


? 


1500A2 

one  flat,  one  round  end. 
Eankine's  formula, 

P  / 

S 


1-K 


I1 


36000r2 


both  ends  flat. 


/ 


1  + 


r 


18000r5 


one  fl#t,  one  round  end. 

The  Gordon  and  Rankine  formulae  are 
identical  for  columns  of  rectangular 
cross-section,  and  in  all  cases  where 
A2  =  12r2. 

From  the  values  of  P  found  by  experi- 
ment, /  in  these  formulae  was  computed 
and  its  values  tabulated  in  the  report. 
And  since  no  test  is  therein  given  for 
destruction  by  direct  crushing,  without 
buckling  or  bending,  we  shall  be  obliged 
in  these  cases  to  determine  C  in  formu- 
lae (B)  and  (C),  in  the  same  manner  by 
computation. 

Table  I  shows  the  results  of  this  com- 
putation of  the  values  of  C,  arranged  be- 
side the  reported  values  of  f;  in  both 
cases  pillars  with  hinged  ends  being 
treated  as  if  having  one  end  fixed. 

In  Table  I  the  mean  value  of  E  has 
been  used  for  Nos.  2  and  4.  Also,  the 
least  value  of  r2,  has  been  employed  in 
Nos.  13  and  19,  although  the  report 
states  that  owing  to  "defective  fittings 
at  the  ends,  inadequate  balancing  of  the 
columns   in    the   center,    or  insufficient 
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riveting,"  these  two  columns  yielded  anom- 
alously in  the  other  direction.  But  since 
they  must  have  deflected  in  the  direction 
of  least  resistance,  it  is  plain  that  no 
value  of  r  greater  than  the  least,  should 
be  used  in  computing  Q  or  C. 

The  mean  values  of  f  and  C,  in  Table 
I.  agree  remarkably  well  with  Rankine's 
mean  value  of  the  "  resistance  of  wrought 
iron  to  crushing  by  direct  thrust,"  viz., 
"  about  36,000  to  40,000  lbs.  per  square 
inch:"  notwithstanding  the  language  of 
the  Cincinnati  Southern  Report,  to  the 
effect  that  /  is  "  very  approximately  pro- 
portional, but  not  equal,  to  the  ultimate 
strength  of  the  iron." 

In  regard  to  the  nature  of  this  /  in  the 
numerator  of  the  Gordon  formula,  Ran- 
kine  is  very  explicit  when  he  says :  "One 
part  of  the  intensity  of  the  greatest 
stress  on  the  material,  is  simply  the  in- 
tensity, 

p    s5 

due  to  the  uniform  distribution  of  the 
load  over  the  section.  Another  part,  p", 
of  the  greatest  stress,  is  that  which  arises 
from  the  lateral  bending;"  and,  "The 
whole  intensity  of  greatest  stress  on  the 
material  of  the  pillar,  being  made  equal  to 
a  co- efficient  of  strength,  f  is  expressed 
by  the  following  equation  : 

f=P'+p"." 

Now,  since  /  cannot  be  less  than  p' 
which  is  positive,  p"  must  be  equal  to 
zero,  or  else  be  positive  also ;  so  that  p' 
and  p"  represent  the  same  kind  of  stress. 
But  p'  by  definition  denotes  compressive 
stress;  therefore  p"  must  stand  for  re- 
sistance to  compression  also,  and  of 
course  the  sum  f  is  of  the  same  kind  as 
its  parts. 

Theoretically,  then,/'  in  the  Gordon 
and  Rankine  formulae,  stands  for  great- 
est stress  in  compression.  But  since  in 
each  of  those  formulae,  there  are  two  con- 
stants to  be  determined  by  experiment 
upon  finished  pillars,  it  follows  that  any 
value  may  be  assigned  to  one  of  these 
constants,  consistent  with  the  derivation 
of  the  other,  as  a  constant,  from  experi- 
ment. And  hence  in  these  two  formulae, 
f  may  be  replaced  by  numbers  not  truly 
representing  the  crushing  strength  of 
the  material.  The  truth  of  this  state- 
ment is  illustrated  by  equations  (12)  and 


(18)  used  in  computing  the  last  two  col- 
umns in  Table  II,  from  data  found  in 
Stoney's  Theory  of  Sprains,  and  there 
arranged  from  Hodgkinson's  experi- 
ments on  solid  rectangular  struts  of 
wrought  iron.  In  applying  the  Gordon 
formula  to  the  set  of  tests  in  Table  II,  I 
have  employed  the  constants  assigned  by 
Mr.  Stoney  for  the  same,  viz.: 


P         35840 

+  3000A1 


(12) 


But  unfortunately  for  the  application 
of  formula  (B),  neither  C  nor  E  is  given 
for  these  Hodgkinson  experiments,  and 
we  are  left  to  infer  a  value  of  C  from  the 
behavior  of  the  two  shortest  bars  in  the 
list.  The  shortest  bar,  for  which 
Z-hA=3.65,  "bore  22.5  tons=50,400  lbs. 
per  square  inch  without  fracture."  No. 
33,  where  l-r-h= 7.331,  was  broken  by 
48,682  lbs  per  sq.  inch.  I  have  there- 
fore assumed  C  =  50,000,  and  taken  E, 
the  modulus  of  transverse  elasticity,  at 
its  mean  value  given  in  Table  I,  and  do 
not  assert  (further  than  an  inference  is 
to  be  drawn  from  the  agreement  of  com- 
puted and  experimental  values  of  Q)  that 
these  were  the  actual  values  of  C  and  E 
for  those  irons  in  table  II.  Formula  (B) 
then  becomes  in  this  .case, 


Q= 


50000 


1  + 


r 


(13) 


1797A2 


since  A2  =  12  r2,  for  the  rectangular  sec- 
tion, and  both  ends  are  fixed. 

Table  II  shows  that  for  15  out  of  the 
21  tests,  formula  (B)  gives  the  value  of 
Q  nearer  to  its  experimental  value  than 
does  the  Gordon  formula  with  Mr. 
Stoney's  constants. 

It  is  evident  that  the  Gordon  formula 
is  not  applicable  to  those  pillars  whose 
ratio  of  length  to  least  diameter  is  such 
that  Q  is  greater  than  the  value  assigned 
to  f;  while,  there  is  no  such  failure  in 
the  application  of  equations  (A),  (B)  and 
(C),  since  in  these  Q  cannot  be  greater 
than  C,  the  known  ability  of  the  standard 
specimen  of  the  material,  to  resist  crush- 


in"". 


It  would  seem,  therefore,  that  these 
new  formulae  (A),  (B)  and  (C),  involving 
the  variables  C  and  E  together  with 
(Ps-h*)  or  (^-7-r2),  must  be  more  flexible 
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and  versatile  than  the  Gordon  formula 
involving  only  the  variable  (^-j-A2),  or 
Rankine's  modification  involving  only 
the  variable  (f-^-r2). 

2.  Cast  Iron. — For  illustrating  the  ap- 
plication of  equations  (A)  and  (B),  to 
pillars  of  cast  iron,  let  us  take  Col.  Mer- 
rill's tables  as  given  in  his  well-known 
work  on  Iron  Trvss  Bridges  for  Hail- 
roads,  dividing  the  gross  experimental 
breaking  weights  therein  given,  by  the 
area  of  the  pillar's  cross-section  for  the 
unit  pressure  Q. 

His  tables  are  derived  from  Hodgkin- 
son's  experiments  upon  solid  cylindrical 
cast  iron  pillars,  having  both  ends  flat  or 
both  round,  and  the  formulae  used,  are, 
according  to  our  notation — 

a.  Hodgkinson's,  for  length  not  less 
than  30  diameters. 

Flat  ends, 

7,3.55 

P=98922(^F    •   •   •  (14) 

For  lengths  not  less  than  15  diameters. 
Rounded  ends 


P= 33379 


A3-76 
(tW't 


(15) 


Arid  for  lengths  less  than  30  and  15 
diameters  respectively,  Hodgkinson  cor- 
rects the  value  of  P  found  from  (14)  or 
(15),  the  corrected  value  being 


P.= 


PCS 

P  +  #CS 


cs 


+  4P 


.  (16) 


C  being  called  109,801  for  cast  iron. 
b.     Gordon's  Flat  ends, 


*,{- 


80000 


1  + 


I* 
400/V 


(17) 


Rounded  ends 

Q= 


80000 

— 

+  100A2 


•   08) 


The  last  column  of  table  IV  is  computed 
from  the  equation 

80000 
Q=         -7T-    ....  (19) 


1  + 


V 

125A5 


a  correction  manifestly  needed,  since  all 
the  differences  as  computed  by  equation 
(18)  are  negative. 


For  E= 12,215,000,  see  Stoney's 
Theory \  of  Strains,  page  180. 

Eleven  of  the  22  tests  in  Table  III, 
are  represented  better  by  (B)  than  by 
the  Gordon  formula,  even  with  the  fixed 
values  of  C  and  E,  here  employed,  in- 
stead of  values  to  be  derived  in  practice, 
from  standard  specimens. 

Of  the  25  experiments  in  Table  IV, 
formula  (A)  represents  18  better  than 
the  Gordon  formula,  14  better  than  equa- 
tion (19),  and  only  10  better  than  Hodg- 
kinson's, with  his  supplementary  equa- 
tion for  values  of  l-^-h  not  greater  than 
15. 

It  should  be  kept  in  mind  that  Hodg 
kinson  deduced  his   formulae   from   his 
own   experiments,   and    therefore   there 
ought  to  be  a  close  agreement  between 
the  two. 

For  Table  IV,  as  for  Table  I,  formula 
(A)  has  been  modified  in  order  to  take 
account  of  the  end  moments  unavoidable 
with  a  metal  so  compressible  as  cast  iron, 
and  as  used  in  Table  IV,  it  is, 


Q= 


109801 


109801 


1  + 


109801J' 


1.257rW 


1  + 


V 


(K) 


85.7782A3 


since  here  E=12,215,000,  and  A2=16r2. 

It  will  be  perceived  that,  in  general, 
the  difference  between  the  experimental 
value  of  Q  for  cast  iron,  and  the  value  as 
computed  by  any  one  of  the  formulae,  is 
not  greater  than  the  differences  which 
appear  in  the  experimental  values  them- 
selves, for  pillars  having  the  same  ratio 
of  length  to  diameter,  but  of  different 
diameters.  From  Nos.  58,  59;  61,  63. 
Q6,  67;  68,  69;  72,  73;  79,  80;  81,  82,  83; 
86,  87;  97,  98,  we  might  almost  infer  the 
law  which  has  been  pointed  out  by 
various  writers,  viz.,  that  the  outer  crust 
of  cast  iron  as  it  comes  from  the  foundry, 
is  stronger  than  the  mass  within,  and 
hence  small  columns  of  that  metal  are 
relatively  stronger  than  those  of  larger 
diameter.  But  the  number  of  experi- 
ments is  not  sufficient  to  enable  us  to 
modify  the  formulae  so  as  to  represent 
this  property  of  cast  iron. 

3.  Steel— -If  for  "mild"  steel  we  call 
E  =  30,000,000,  and  C=200,000,  formula 
(B)  becomes, 
For  cylindrical  posts, 
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Q= 


200000 


1  + 


r 


370.  llh* 
For  rectangular  posts, 

200000 


Q= 


1  + 


/• 


493.48/r 


And  for  "strong"  or  hard  steel,  call- 
ing E=36,000,000,  and  C  =  300,000,  (B) 
gives 
For  cylindrical  posts, 

300,000 
Q, —  — 


1  + 


v 


296.09A1 

For  rectangular  posts, 

300,000 


Q= 


1  + 


V 


394.787A2 


Now  Stoney  has  given  on  page  279, 
Mr.  B.  Baker's  "values  for  the  coefficients 
in  Gordon's  formula  when  applied  to 
solid  steel  pillars,"  with  flat  ends.  With 
those  coefficients  Gordon's  formula  for 
solid  round  pillars  of  mild  steel  is, 

Q==™-    .     .     .     (20) 


1  + 


V 


1400A2 


For  strong  steel, 

Q=- 


114240 


1  + 


V 


.  (21) 


900A2 


For  solid  rectangular  pillars  with  flat 
ends,  Mr.  Baker's  equations  are — 
For  mild  steel, 

67200 
Q — 


1  + 


r 


2480A2 


For  strong  steel, 


114240 


1  + 


r 


1600A 


in  which  the  coefficients  in  the  denomin- 
ators, bear  to  the  corresponding  coeffi- 
cients he  has  given  for  cylindrical  pillars, 
the  relation  of  16  to  9,  instead  of  16  to 
12,  the  ratio  of  the  squares  of  their  radii 
of  gyration  for  the  cross-sections.  This 
is  manifestly  incorrect,  unless  there  is  a 
difference  in  the  character  of  the  steel, 
due  to  the  form  into  which  it  is  rolled 
Vol.  XXI.— No.  6—35 


or  moulded,  as  indeed  is,  doubtless,  the 
case.  But  as  this  consideration  would 
change  the  values  of  C  and  E  in  my  own 
equations,  I  have  not  hesitated,  for  the 
purpose  of  this  comparison,  to  replace 
the  coefficients  2480  and  1600,  by 
|Xl400  =  1867,  and  •*x»00  =  1200,  re- 
spectively, as  required  to  adapt  equa- 
tions (20)  and  (21)  to  solid  rectangular 
pillars.  And  with  only  this  change,  the 
foregoing  equations  for  steel,  have  been 
used  in  computing  Table  V. 

From  Table  V  it  is  evident  that  Mr. 
Baker's  coefficients  are  not  applicable 
for  values  of  (/-^A)<50;  for  it  cannot 
be  that  steel  columns  only  10  diameters 
in  length  would  be  crushed  or  destroyed 
by  62,720  lbs.  per  inch,  even  if  the 
ultimate  strength  of  standard  specimens 
were  not  greater  than  100,000  lbs; 
hence,  the  series  of  values  of  Q,  must 
increase  faster  from  50  diameters  down 
to  10,  than  his  does,  or  else  somewhere 
exhibit  inadmissible  breaks  before  reach- 
ing its  proper  limit. 

Hodgkinson  felt  this  difficulty  with 
his  own  formulae,  and  met  it  by  means 
of  the  supplementary  equation  (16), 
where  he  has  put  CS  into  the  numerator 
and  denominator,  and  anticipated  the 
form  of  the  Gordon  equation,  and  that 
of  the  three  equations  (A),  (B),  and  (C), 
determined  above  from  theoretical  con- 
siderations alone. 

4.  Wood. — For  rectangular  pillars  of 
"timber,  having  flat  capitals  and  bases," 
Rankine  makes  Gordon's  formula, 


Q=|= 


7200 


1  + 


V 


250A2 


Rankine  also  gives  "on  the  authority 
of  Mr.  Hodgkinson's  experiments,  for  the 
ultimate  resistance  of  posts  of  red  pine 
to  crushing  by  bending," 

Q=500C  y 

according  to  our  notation;  a  formula  to 
be  used  only  when  it  gives  Q  a  value  less 
than  C. 

Mr.  Stoney  tabulates  Rondelet's  pro- 
portionals for  "the  force  required  to 
break  a  timber  pillar  with  fixed  ends," 
and  Mr.  R.  P.  Brereton's  "break- 
weights,"  for  fir  or  pine,  determined  for 
"large  pillars  of  soft  foreign  timber,  with 
their  ends  adjusted  in  the  ordinary  man- 
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ner."     These  will  be  found  in  Table  VI 
below. 

According  to  the  "  Pocket  Companion  " 
of  Carnegie  Brothers  &  Co.,  "Capt.  C. 
Shaler  Smith's  formula  for  the  breaking 
weight  of  either  square  or  rectangular 
pillar  of  moderately  seasoned  white  and 
yellow  pine,  with  flat  and  firmly  fixed 
ends,  equally  loaded,"  is 
5000 

7"  Jl 

+  2507i2 
where  5,000  is  called  the  breaking  load 
in  pounds  per    square   inch,  "in   short 
blocks." 

If  for  pine  we  give  C  the  low  value  for 
5,000,  and  take  E  =  1,460,000,  Kankine's 
lowest  value,  we  shall  find  by  means  of 
our  formulae  (A),  (B)  and  (C),  the  values 


of  Q  ,as  shown  in  the  last  three  columns 
of  Table  VI,  for  pillars  that  absolutely 
fulfill  the  conditions  imposed  upon  our 
oiginal  equation  (2). 

But  the  reader  will  easily  see  that  our 
inability  to  say  how  nearly  those  condi- 
tions are  realized  in  a  given  case,  leaves 
us  still  in  need  of  some  experiments  on 
finished  pillars,  to  determine  the  effect 
of  differently  conditioned  ends.  In  the 
meantime  it  will  be  wise  practice  (as  seen 
in  the  third  set  of  values  of  Q  in  Table 
VI.),  to  place  small  dependence  upon 
assistance  to  come  from  the  ends, 
especially  of  such  .materials  as  moder- 
ately seasoned  pine ;  unless  the  deflected 
axis  of  the  pillar  is  known  to  have  its 
tangent  at  the  end  truly  in  the  line  of 
the  original  undeflected  axis. 


Table  I. — Wkought  Ikon  Pillars — Lovett's  Report. 


"Phoenix,"  Hollow  Cylinder,  four  flanged  segments  riveted 
"American,"  two  flanged  bars  riveted  to  the  flanges  of  an 
"  Keystone,"  #Octagonal  tube,  four  flanged  segments  riveted 
''Square,"  two  plates  and  two  channels  riveted. 


Kind 

E 

$t>y 

/by 

/by 

Cby 

Q 

Name. 

of 

h 

1 

r2 

JJJ 

Experi- 

Gordon 

Rankine 

Formula 

fc 

Ends. 

ment. 

Formula 

Formula 

(B),  (C\ 

ins. 

ins. 

sq.  in. 

29 

Phoenix. . . 

Flat . . . . 

8.250 

336 

8.935 

285 

36,600 

57,500 

49,400 

62,141 

28 

<( 

8.250 

336 

8.935 

257 

34,800 

54,600 

47,000 

61,417 

10 

it 

. . . . 

8.125 

324 

8.935 

291 

31,000 

47,400 

41,100 

45,390 

6 

a 

. . . . 

8.050 

180 

8.536 

274 

37,500 

43,700' 

41,500 

43,182 

15 

American. 

• . . . 

8. 

360 

5.388 

260 

23,700 

39,700 

39,500 

53,304 

19 

<  < 

. . . . 

9.5 

324 

8.635 

329 

27,800 

37,500 

37,200 

37,578 

18 

a 

• . . . 

9.5 

240 

8.653 

236 

31,500 

37,500 

37,300 

40,648 

27 

Keystone . 

. . . . 

8.625 

324 

9.798 

237 

27,800 

40,800 

36,000 

40,783 

4 

i  i 

9.2 

324 

10.883 

24,100 

34,100 

30,600 

30,725 

26 

a 

.  • . . 

9.375 

324 

11.178 

275 

27,500 

38,400 

34,700 

36,084 

25 

(t 

. . . . 

9.625 

324 

11.424 

281 

21,100 

29,100 

26,500 

25,569 

30 

a 

• . . . 

9.5 

324 

11.464 

193 

30,000 

42,100 

37,600 

46,914 

31 

tt 

• . . . 

9  5 

324 

11.464 

236 

25,400 

36,100 

31,900 

33,850 

24 

tt 

. . . . 

9.5 

324 

12.041 

265 

25,000 

34,700 

31,1C0 

31,579 

9 

tt 

•  • . . 

8.85 

180 

7.833 

247 

32,010 

36,400 

35,700 

37,026 

7 

tt 

8.3 

180 

9.206 

238 

30,000 

34,700 

32,900 

33,798 

8 

tt 

9. 

180 

10.353 

296 

36,900 

41,800 

40,100 

41,895 

3 

it 

. . . . 

9.25 

180 

10.834 

346 

28,800 

32,400 

31,200 

30,73^ 

2 

1 1 

. . . . 

9.3 

60 

11.044 

33,600 

34,100 

33,900 

33,945 

22 

Square 

. . . . 

7.5 

312 

9.347 

278 

30,000 

47,300 

38,700 

41,939 

32 

i  t 

. . . . 

9.25 

324 

10.909 

301 

30,200 

39,800 

38,300 

39,977 

23 

1 1 

8.43 

288 

11.628 

289 

33,200 

46,100 

39,800 

41,896 

16 

American . 

Hinged . 

8. 

240 

5.479 

289 

26,700 

42,700 

42,300 

46,976 

17 

it 

10. 

240 

8.733 

231 

26,500 

36,700 

36,200 

39,925 

13 

tt 

10.75 

312 

10.092 

304 

24,000 

37,500 

31,100 

36,276 

14 

a 

. . . . 

10. 

312 

8.733 

260 

22,000 

36,300 

35,600 

37,868 

11 

Phoenix. . . 

Round. . 

8.125 

324 

8.935 

271 

21,700 

44,700 

35,900 

37,289 

5 

Keystone  . 

Hinged. 

9.22 

324 

10.954 

295 

22,000 

40,100 

33,700 

32,239 

21 

Square 

Means. . . . 

a 

10. 

309 

11.000 

310 
273£ 

25,500 

41,700 
40,190 

37,800 
36,710 

37,350 
39,941 

\   m:\v  RATIONAL  formula  for  pillars. 
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Table   II. — Solid    Reotangulab   PrLLABfl    OF    Wbought    Ikon. 
Hodgktnson's  Experiments.     Flat  Ends. 

ft  =  bro:ulth.  V=12rf.     7^=27,311,111,  67=50,000. 


b 

I 

fr-h 

by  Experiment. 

Excess  over  Q  by 

No. 

<  Gordon's 
Formula. 

Formula  (B). 

ins. 

ins. 

33 

1.02:} 

7.5 

7.331 

48,682 

—13,473 

—      134 

34 

1.023 

15 

14.6(53 

34,554 

—  1,105 

+10,103 

35 

1.023 

30 

29.320 

25,327 

-f  2,527 

+  8,489 

36 

3.000 

30 

30.121 

29,655 

—  2,137 

+  3,570 

37 

3.010 

30 

39.319 

27,767 

—  4,115 

—     890 

38 

1.024 

60 

58.594 

17,268 

—      555 

—       88 

39 

3.000 

90 

58.524 

19.987 

—  3,343 

—  2,896 

40 

2.986 

30 

59.689 

16,853 

—      470 

-        90 

41 

5.480 

60 

60.241 

17,698 

—  1,479 

—  1,138 

42 

3.010 

60 

60.303 

18,067 

—  1,865 

—  1,530 

43 

3.010 

60 

78.227 

12,969 

—  1,179 

—  1,619 

44 

3.U00 

120 

79.470 

10,165 

+  1,377 

+     914 

45 

1.024 

90 

87.891 

9,753 

+      273 

—     317 

46 

5.860 

90 

90.407 

9,912 

—     289 

—     900 

47 

3.005 

90 

90.452 

9,280 

+     336 

—     276 

48 

2.980 

60 

118.343 

5,653 

+      670 

+       33 

49 

2.980 

60 

118.343 

5,604 

+      719 

+       82 

50 

2.995 

120 

120.603 

4,280 

+  1,848 

+  1,218 

51 

3.010 

120 

156.658 

3,379 

+      525 

-f        32 

52 

2.983 

90 

179.176 

2,410 

+      653 

+      240 

53 

2.980 

120 

238.659 

816 

+     978 

+      714 

Table  III. — Solid  Cylindrical  Pillabs.     Cast  Iron. 

Hodgkinson's  Tests.     Ends  Flat. 

h'  =  16r\     .#=12,215,000,  (7=109,801. 


Variation  from  0.  Der  cent. 

Diameter 

£by 
Experiment. 

.No. 

Wk 

h 

Hodgkinson's 

Gordon's 

Formula 

Formula. 

Formula. 

(B). 

54 

4 

ins. 
0.52 

107,674 

—  6 

—29 

—  3.641 

55 

8 

0.5 

88,964 

—  3 

—21 

+  0.085 

56 

10 

0.777 

67,502 

+13 

—  4 

H-19.227 

57 

13 

0.768 

55,959 

+13 

—     .001 

+21.444 

58 

15 

0  5 

57,321 

+  2 

—11 

+  5.267 

59 

15 

0.785 

50,182 

+11 

1         'SHUTS 

+20.243 

60 

15 

1 

51,248 

+  9 

+  7 

+17.741 

61 

20 

0.5 

45,485 

—  1 

—13 

—  1.758 

62 

20 

0.775 

45,596 

—  1 

—10 

—  1.998 

63 

20 

1.022 

38,770 

+12 

+  5 

+15.257 

64 

24 

0.5 

36,644 

+  2 

—11 

—  3.291 

65 

26 

0.777 

32,860 

+    1 

—  9 

—  3.503 

66 

30 

0.51 

33,111 

—10 

—25 

—22.497 

67 

30 

1.01 

25,350 

+  5 

—  3 

+  1.231 

68 

39 

0.77 

18,921 

—  8 

—13 

—11.284 

69 

39 

1.56 

15,153 

+  6 

+11 

+10.777 

70 

40 

0.51 

18,749 

—  2 

—13 

—14.241 

71 

47 

1.29 

12,291 

—  3 

+    * 

—  1.261 

72 

61 

0.5 

8,465 

H-  6 

—  7 

—10.881 

73 

61 

0.997 

7,990 

-+-     i 

—  2 

—  5.581 

74 

79 

0.77 

5,274     . 

+  2 

—  8 

—12.286 

75 

119 

0.51 

2,384 

+19 

—  7 

—12.416 
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Table  IV. — Solid  Cylindrical  Pillars.     Cast  Iron. 
Hodgkinson's  Tests.     Ends  Rounded. 
h2=16r\  ^=12,215,000,  (7=109,801. 


Diameter, 

Q^J 

Variation  from 

Q,  per  cent. 

No. 

fr-h 

h 

Experiment. 

Hodgkinson's 

Gordon's 

Formula 

Formula 

76,939 

Formula. 

Formula. 

(A) 

(19) 

76 

8 

ins. 
0.5 

—25 

-34 

—18.269 

—30:937 

77 

10 

0.77 

49,280 

—  7 

—18 

+  2.877 

—  3.362 

78 

13 

0.76 

38,590 

—15 

—25 

—  4.203 

—11.858 

79 

15 

0.497 

27,124 

-h    i 

—11 

+11.735 

+  5.336 

80 

15 

0.99 

25,660 

+10 

—  6 

+18.110 

+11.345 

81 

20 

0.76 

20,331 

—13 

—21 

—  4.633 

—  6.311 

82 

20 

1.01 

19,642 

'  —  9 

—19 

—  1.288 

—  3.029 

83 

20 

1.52 

17,928 

+  3 

—10 

+  8.149 

+  6.247 

84 

23 

1.29 

13,187 

•    +5 

—  7 

+16.175 

+15.955 

85 

26 

0.767 

14,289 

—23 

—29 

—13.472 

—12.632 

86 

30 

0.5 

9,697 

—13 

—19 

—  1.464 

-f-  0.846 

87 

30 

0.99 

7,931 

+  9 

—  2 

+20.477 

+23.301 

88 

31 

1.94 

7,717 

+13 

—  3 

+16.599 

+19.321 

89 

31 

1.96 

8,051 

+14 

—  3 

+11.763 

+14.371 

90 

34 

1.765 

6,360 

+  5 

—10 

+19.262 

+22.737 

91 

34 

1.78 

7,058 

+  6 

—10 

+  7.467 

+10.597 

92 

39 

0.77 

5,854 

—  5 

—17 

+  0.137 

+  3.775 

93 

39 

1.535 

5,755 

+    t 

—16 

+  1.859 

+  5.560 

94 

40 

1.52 

5,985 

i 

5 

—14 

—  6.650 

—  3.141 

95 

47 

1.29 

.  4,367 

1 

—      ~5 

—18 

—  6.000 

—  1.901 

96 

47 

1.295 

4,149 

1 

3 

—18 

—  1.060 

+  3.254 

97 

61 

0.5 

2,745 

—  5 

—23 

—  9.872 

—  5.501 

98 

61 

0.99 

2,471 

+  8 

—16 

-h  0.121 

+  4.978 

99 

79 

0.77 

1,675 

+  2 

—24 

—11.105 

—  6.209 

100 

121 

0.5 

728 

+10 

-25 

—12.083 

—  7.003 

Table  V. — Solid  Steel  Pillars,  with  fixed  ends. 

Mild  Steel. 

Strong  Steel. 

E=  30,000,000. 

E=    36,000,000. 

C=    200,000. 

C=    300,000. 

Kind 

l+h 

Q 

Q 

Baker's 

Formula 

Baker's 

Formula 

Formula. 

(B). 

Formula. 

(B). 

Round  

10 

62,720 

157,457 

102,816 

217,802- 

20 

52,267 

96,117' 

79,089 

127,608 

30 

40,904 

58,280 

57,120 

74,264 

40 

31,359 

37,573 

41,127 

46,847 

50 

24,123 

25,791 

30,240 

31,768 

60 

18,816 

18,645 

22,848 

22,799 

70 

14,933 

14,046 

17,727 

17,095 

80 

12,061 

10,934 

14,084 

13,266 

90 

9,903  . 

8,739 

11,424 

10,580 

100 

8,253 

7,138 

9,433 

8,627 

Rectangular. . . 

10 

63,784 

166,301 

105,452 

239,368 

20 

55,343 

110,462 

85,680 

149,017 

30 

45,342 

70,827 

65,280 

91,469 

40 

36,188 

47,144 

48,960 

59,154 

50 

28,730 

32,970 

37,051 

40,751 

60 

22,949 

24,111 

28,560 

29,525 

70 

18,541 

18,303 

22,473 

24,620 

80    • 

15,176 

14,317 

18,038 

17,355 

90 

12,588 

11,459 

14,741 

13,881 

•* 

100 

10,573 

9,406 

11,961 

11,344 
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Table  VI. — Square  Pine  Pillaks. 
A»=12r».     ^=1,460,000,    C=5,000. 


Breaking  Weights,  in  lbs. 

per  sq.  inch. 

l-7i 

RondeU't's 

Brereton's 

By  Formula, 

Pro- 

Tests.   Ends 

portionals. 

in  ordinary 

C.  Shaler 

Hodgkin- 

(A) 

(C) 

(B) 

Ends  fixed. 

manner. 

Smith's. 

son's. 

No  End- 

One  End 

Both  Ends 

Ends  fixed. 

Ends  fixed. 

moment. 

fully  fixed. 

fully  fixed. 

1 

5,000 

5,000 

12 

4,167 

3,176 

5,000 

3,126 

3,959 

4,349 

24 

2.500 

1,513 

4,940 

1,471 

2,437 

3,126 

36 

1,667 

809 

1,929 

782 

1,485 

2,135 

48 

833 

489 

1,085 

462 

960 

1,471 

60 

417 

325 

693 

313 

660 

1,076 

72 

209 

230 

483 

221 

478 

642 

10 

1,867 

3,571 

5,000 

3,530 

4,228 

4,529 

20 

1,789 

1,998 

5,000 

1,876 

2,889 

3,530 

30 

1,400 

1,087 

2  777 

1,053 

1,891 

2,581 

40 

1,244 

676 

1,563 

653 

1,273 

1,875 

PHYSICAL  CHANGES  IN  IRON  AND  STEEL. 

From  "The  English  Mechanic." 


Amongst  the  many  questions  that  have 
been  discussed  in  our  columns  without 
arriving  at  any  conclusive  and  thorough- 
ly satisfactory  answer  are  those  relating 
to  the  hardening  and  tempering  of  steel, 
the  expansion  of  iron  with  increase  of 
temperature,  the  changes  it  undergoes 
between  the  molten  and  solid  state,  and 
the  phenomenon  of  a  piece  of  solid  iron 
floating  on  a  bath  of  molten  and  neces- 
sarily less  dense  metal.  Lately,  some 
elaborate  and  instructive  experiments 
have  been  made  by  Mr.  Thomas  Wright- 
son,  of  Stockton-on-Tees,  with  the  view 
of  determining — (1)  the  changes  in 
wrought  and  cast-iron  when  subjected  to 
repeated  heatings  and  coolings;  (2)  the 
effect  upon  bars  and  rings  when  different 
parts  are  cooled  at  different  rates;  and 
(3)  the  changes  occurring  in  molten  iron 
when  passing  from  the  solid  to  the 
liquid  state,  and  vice  versa.  The  results 
were  embodied  in  a  paper  read  before 
the  Iron  and  Steel  Institute,  which,  with 
the  tables  and  diagrams  accompanying 
it,  will  take  the  first  place  in  the  litera- 
ture of  the  subject.  It  contains,  in  fact, 
the  only  really  scientific  attempt  to  settle 
some  of  the  moot  points  that,  so  far  as 
we  know,  has  been  published,  and  it  is 


to  be  hoped  that  it  will  be  issued  in  a 
separate  form  after  it  has  appeared  in 
the  Transactions  of  the  Institute.  The 
reason  that  so  little  has  been  done  hither- 
to in  the  accurate  observation  of  the 
physical  properties  of  iron  is  two-fold: — 
first,  the  molecular  changes  of  the  metals 
is  so  slow  at  ordinary  temperatures,  and 
under  ordinary  conditions  of  strain,  that 
trustworthy  observations,  which  must  of 
necessity  have  extended  over  long 
periods,  are  difficult  to  obtain ;  secondly, 
when  the  temperatures  are  high — at 
which  times  the  greatest  and  most  rapid 
molecular  changes  are  occurring — the 
difficulties  of  observation  are  increased 
to  such  an  extent  that  the  results  lack 
the  scientific  accuracy  which  character- 
izes the  chemical  methods  of  examining 
iron.  Hence,  probably,  chemical  analy- 
sis has  been  employed  almost  to  the 
exclusion  of  physical  methods.  How- 
ever, to  take  the  first  heading,  the 
changes  effected  by  repeated  heating 
and  cooling,  we  have  only  to  point  to  a 
steam-boiler  to  see  how  important  it  is 
that  we  should  understand  these  changes 
not  only  as  they  affect  iron,  using  the 
term  in  its  generic  sense,  but  also  as 
they  affect   the    different   qualities   and 
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various  makes.  In  the  case  cited  we 
have  one  side  of  the  plates  subjected  to 
a  fierce  heat,  while  the  other  is  at  a  com- 
paratively moderate  temperature  approx- 
imating to  that  of  the  steam  and  water. 
Where  a  riveted  seam  occurs  the  con- 
ducting surfaces  of  the  metal  are  thick- 
ened, and  the  results  are  not  unfre- 
quently  seen  in  what  are  known  as  seam 
rips.  Mr.  Wrightson  cut  some  strips 
from  the  plates  of  two  long  egg-ended 
boilers  which  had  exploded  by  ripping 
at  the  seams,  and  found  the  iron  had 
become  brittle,  was  apparently  crystal- 
line in  fracture,  and  had  but  small  tensile 
strength.  Strips  taken  further  from  the 
seam  showed  that  in  both  cases  the  iron 
had  been  less  injuriously  affected. 
Chains  are  rendered  brittle  by  the 
strains  to  which  they  are  alternately 
subjected,  and  they  are  periodically 
annealed  to  avoid  any  danger  from  the 
change  in  the  tenacity  of  the  iron.  Mr. 
"Wrightson  found  that  a  similar  treat- 
ment of  the  strips  from  the  boiler-plates 
restored  the  fibrous  character  of  the 
iron,  as  well  as  its  ductility  and  tensile 
strength.  The  facts  mentioned  afford 
an  excellent  example  of  the  importance 
of  the  physical  effects  produced  by 
repeated  changes  of  temperature.  The 
change  effected  by  one  heating  and  cool- 
ing is  so  small  that  a  cumulative  test  is 
the  only  method  by  which  a  really  useful 
result  can  be  obtained.  If  a  wrought- 
iron  bar  is  heated  expansion  takes  place; 
if  the  bar  is  then  suddenly  cooled  in 
water  it  contracts,  and  the  amount  of 
the  contraction  exceeds  that  of  the  pre- 
vious expansion,  so  that  the  bar  is  now 
smaller  than  it  was  before  being  heated. 
If  these  operations  are  repeated,  the 
contraction  increases  during  many  suc- 
cessive operations.  Thus  a  bar  1J  in. 
square  by  30.05  in.  long,  heated  to  a 
dull  red  and  cooled  in  water,  contracted 
after  first  cooling  .04  in. — after  15th 
cooling  .68  in.  or  a  percentage  of  2.26  in 
fifteen  operations.  That  was  common 
iron ;  the  best  gave  the  same  degree  of 
contraction  for  the  first  two  or  three 
operations,  but  on  the  15th  cooling  was 
found  to  have  contracted  only  .56  in.  or 
1.86  per  cent,  of  its  length.  Similar 
bars  heated  to  redness  and  allowed  to 
cool  in  air  do  not  exhibit  any  change  in 
dimensions,  but  if  they  are  raised  to  a 
white  heat  a  slight  contraction  does  oc- 


cur. Some  wrought-iron  hoops,  welded 
up  from  bars  of  the  same  section  as  the 
iron  employed  in  the  previous  experi- 
ments yielded,  almost  identical  results— 
the  contraction  progressing  steadily  dur- 
ing twentyfive  coolings.  Pieces  of 
wrought  plate,  planed  up  into  a  nearly 
accurate  rectangular  form,  were  then 
tested,  with  the  result  that  after  cooling 
in  water  a  reduction  of  specfic  gravity 
was  discovered  amounting  to  1  per  cent, 
after  50  coolings,  and  1.57  per  cent, 
after  100,  further  heatings  and  coolings 
not  appearing  to  effect  any  change.  A 
reduction  of  the  surface  takes  place  after 
each  heating  and  cooling,  due  to  two 
causes — viz.,  scaling,  which  amounts  to 
.00057  in.  reduction  of  thickness  after 
each  immersion  in  water;  and  a  persist- 
ent contraction,  which  takes  place  vigor- 
ously after  each  immersion  up  to  fifty, 
and  probably  to  a  much  greater  number. 
Bulging  is  noticed  in  the  case  of  plates, 
which  thicken  towards  the  center,  while 
the  edges  are  thinned.  Professor  Stokes 
has  explained  the  bulgings,  the  scaling 
is  well  understood,  but  the  contraction 
can  be  accounted  for  only  on  the  suppo- 
sition that  a  molecular  change  in  the 
iron  occurs  when  the  red-hot  metal  is 
suddenly  cooled.  Cast-iron  bars,  on  the 
contrary,  whether  cooled  suddenly  in 
water  or  gradually  in  air,  expanded 
slightly,  while  cast-copper  rods  exhibit 
no  change  when  cooled  in  air,  but 
expand  slightly  after  being  several  times 
suddenly  cooled  in  water.  Some  of  the 
most  valuable  and  interesting  of  Mr. 
Wrightson's  experiments  were  made  upon 
bars  and  rings  partially  immersed  only 
when  being  cooled.  From  the  results 
recorded  above  it  would  be  imagined 
that  if  a  thick  hoop,  or  portion  of  a 
hoop,  were  cooled  by  partial  immer- 
sion, the  portion  in  the  water  would 
contract,  while  that  allowed  to  cool 
in  the  air  would  exhibit  no  change. 
Such  a  conclusion,  however,  is  entirely 
erroneous,  for  when  a  hoop  18  in.  in 
diameter,  forged  out  of  iron  3J-  in.  broad 
by  ^  in.  thick,  was  half  immersed  in  water, 
it  showed,  after  twenty  successive  heat- 
ings and  coolings,  that  the  water-cooled 
edge  had  increased  1-24  in.,  or  2.14  per 
cent,  in  length,  while  the  air-cooled  half 
had  contracted  7.9  in.,  or  13.65  per  cent., 
so  that  the  hoop  had  become  a  section  of 
a  cone.     To  ascertain  whether  the  form 
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had  anything  to  do  with 
result,  a  wronght-iron   bar 

by    h    in.    thick,    by    2SA    in.  lon^,    was 


tliis  curious 
3 J  in.   deep, 


'o' 


treated  in  a  similar  manner,  when  the 
dipped  edge  was  found  to  elongate,  while 
the  upper  edge,  cooled  in  air,  contracted 
— so  much  so  that  the  originally  straight 
bar  became  curved,  the  water-cooled  edge 
becoming  convex,  while  that  in  the  air 
became  concave,  After  the  twelfth  im- 
mersion the  lower  edge  was  found  to 
have  expanded  44  in.,  while  the  upper 
had  contracted  1.96  in.  An  experiment 
was  also  made  to  test  the  effect  of  revers- 
ing the  bar.  A  similar  bar  to  that  pre- 
viously described  after  live  coolings  was 
curved  so  that  the  versed  sine  of  its  air- 
cooled  edge  measured  1J  in.  The  con- 
cave edge  was  then  placed  in  the  water, 
and  live  immersions  brought  the  bar 
within  an  J  in.  of  the  straight,  and  the 
eleventh  cooling  threw  the  concavity  on 
the  other  side  of  the  bar.  These  experi- 
ments were  subsequently  repeated  in  a 
more  elaborate  manner  with  steel  and 
wrought-iron  hoops  .  accurately  turned 
and  bored,  and  immersed  to  varying 
depths.  The  explanation  was  furnished 
by  Col.  Clark,  R.E.,  some  years  ago, 
after  similar  experiments  made  at  Wool- 
wich. The  immersed  portion,  being 
quickest  cooled,  is  the  stronger  metal, 
and  tends  to  pull  in  the  upper  part, 
which,  besides,  contracts  as  it  slowly 
cools,  so  that  the  excess  of  contraction 
rests  with  the  air-cooled  portion.  Col. 
Clark  does  not  appear  to  have  noticed 
the  expansion  of  the  water-cooled  edge. 
These  experiments  are  unquestionably 
of  value,  and  the  knowledge  gained  by 
them  may  be  utilized  in  the  arts ;  hence  | 
it  would  be  advisable  to  issue  the  tables 
and  the  diagrams,  together  with  the 
descriptive  matter,  in  a  separate  form. 

In  making  the  experiments  above 
noticed  Mr.  Wrightson's  attention  was 
naturally  drawn  to  the  changes  occur- 
ring in  cast-iron  when  passing  from  the 
solid  to  the  molten  condition,  and  vice 
versa.  It  is  well  known  that  a  piece  of 
cold  cast-iron  will  float  upon  a  bath  of 
molten  cast-iron,  and  much  has  been 
written  to  account  for  the  apparent 
anomaly  that  cast-iron  which  has,  in  cool- 
ing, contracted  about  1  per  cent,  from 
the  original  size  of  the  mould  in  which  it 
was  cast,  should,  with  a  presumably 
higher  specific  gravity  than  the  molten 


metal,  float  in  the  same.  The  ordinary 
way  in  which  the  ex})eriment  is  per- 
formed is  to  take  a  small  piece  of  cold 
iron,  and  throw  it  into  a  ladle  of  molten 
metal.  It  sinks  at  first,  and  then  rises 
buoyantly  to  the  surface.  The  assump- 
tion is  made  that  the  sinking  is  due  only 
to  the  momentum  acquired  in  falling; 
but  the  fact  is,  the  cold  iron  sinks 
because  it  is  heavier,  and  rises  to  the 
surface  as  it  becomes  heated  and  ex- 
pands— the  density  being  thus  dimin- 
ished. Mr.  Wrightson  had  spheres  cast 
1  in.,  2  in.,  3  in.,  4  in.,  and  5  in.  in 
diameter,  which  were  lowered,  not 
thrown,  into  the  molten  metal,  and  he 
devised  an  instrument  which  registered 
the  amount  of  sinking  and  of  flotation, 
below  and  above  a  line  of  equilibrium. 
The  diagrams  obtained  with  this  instru- 
ment show  that  in  every  case  the  ball 
sinks  when  first  lowered  into  the  metal, 
the  duration  of  the  sinking  period  being, 
as  a  rule,  longest  with  the  smaller  balls. 
The  outside  surface  of  a  ball  expanding 
only  to  a  small  degree  affects  the  volume 
more  in  proportion  as  its  diameter  is 
larger  (the  surface  varying  as  the  square 
and  the  volume  as  the  cube  of  the  diam- 
eter.) Hence,  as  a  rule,  five  or  six 
seconds  may  be  sufficient  to  expand  a 
five-inch  ball  to  the  floating  point,  while 
a  two -inch  ball  would  require  a  much 
longer  time  before  it  would  float.  Thus 
the  index,  at  the  moment  the  ball  enters 
the  metal,  crosses  the  line  of  equilibrium 
and  sinks  below  it;  then  it  rises  gradu- 
ally until  it  attains  its  maximum  above 
the  line,  and  then  falls  again  as  the  ball 
melts  until  it  reaches  the  line,  the  fork 
and  spring  holding  the  ball  being  ad- 
justed to  remain  in  equilibrium.  It  may 
be  reasonably  assumed  that  the  diagrams 
read  backwards  convey  a  correct  im- 
pression of  the  changes  going  on  when 
molten  iron  is  cooling  to  the  solid.  The 
mould  is  usually  made  about  1  per  cent, 
larger  than  the  casting  is  required  to  be, 
and  the  metal  when  poured  in  is  always 
supposed  to  expand;  hence  the  sharp- 
ness of  the  impressions.  This  expan- 
sion is  marked  on  the  diagrams  by  the 
quick  rise  of  the  line  between  the  molten 
point  and  the  point  of  greatest  volume. 
Mr.  Wrightson  says  that  in  carefully 
observing  the  cooling  of  a  casting  it  will 
be  noticed  a  considerable  contraction 
takes  place  some  minutes  after  the  iron 
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has  partially  set.  A  few  minutes  after 
the  "git"  is  closed  and  congealed  there 
is  a  sudden  breaking  open  of  the  same, 
and  a  sponging  out  of  the  hot  liquid 
metal  from  the  interior,  as  though  the 
internal  part  had  suffered  a  sudden 
squeeze.  This  phenomenon  is  indicated 
by  the  sudden  fall  of  the  line  on  the  dia- 
gram, and  indicates  in  this  case  the 
passage  from  the  plastic  to  the  solid 
state.    This  explanation  agrees  with  that 


which  has  been  urged  before  by  some  of 
our  correspondents,  and  has  the  advant- 
age of  almost  a  demonstration  to  recom- 
mend it.  The  instrument  devised  by 
Mr.  Wrightson  for  use  in  these  experi- 
ments will  possibly  be  found  of  value  in 
testing  the  specific  gravity  of  samples  of 
metal;  but  as  those  interested  in  these 
subjects  are  sure  to  obtain  a  copy  of  this 
paper  we  have  done  all  that  is  necessary 
in  calling  attention  to  it  here. 


THE  ICE  BOAT ;   ITS  POSSIBLE  VELOCITY. 

By  Brvt.  Maj.-Gen.  Z.  B.  TO  WEE,  Corps  of  Engineers,  U.  S.  A. 


Let 


O  D 
A  E 


A    B   be   the   direction   of    boat's 

motion. 

projection    of  sail  regarded  as  a 

plane  surface, 
second  position    of  sail,  after    an 

interval  of  one  second  or  unit  of 

time. 
F  C  direction  of  wind  at  right  angles  to 

sail. 
G  C  another  direction  of  wind. 
x  angle  of  sail  with  boat's  direction. 
w=lP  C= velocity  of  wind. 
v=A  0= velocity  of  boat. 


The  pressure  of  wind  upon  sail,  which 
gives  motion  to  the  boat,  will  be  due  to 
the  velocity  of  the  wind  at  right  angles 
to  the  sail,  less  the  motion  of  the  sail  in 
the  same  direction.     Or  to 


F  G—CK=w— v  sin  x 

This  pressure,  therefore,^ on  a  unit  of 
surface  is, 

(w—v  sin#)2xC 

C   being   a   constant,   which    has    been 
determined  by  experiment. 

Pressure  upon  sail,  whose  surface  is 
represented  by  S,  will  therefore  be 

C.  $.(vj—v  sin  a?)2. 

The  component  of  this  pressure  or 
force  in  the  direction  of  the  boat's 
motion  is 

C.  S.  (w—vsinxYsmx. 

Any  other  direction  of  the  wind,  as 
G  C,  gives  component  perpendicular  to 
the  sail,  less  than  F  C  or  w. 

If  sail  be  increased  inversely  with  sine 
of  angle  of  incidence  of  wind,  resulting 
pressure  on  sail  will  be  constant.  But 
in  that  case,  weight  of  moving  mass,  and 
resistance  of  air  to  boat's  motion,  will 
each  be  increased.  Hence  wind's  direc- 
tion at  right  angles  to  boat  should  give 
maximum  velocity. 

The  propelling  force  of  the  wind  willr 
when  the  boat  has  attained  uniform 
motion,  be  equal  to  all  resistances  to 
that  motion.  If  we  represent  those 
resistances  by  B,  the  equation  of  uni- 
form motion  becomes, 

(1)         C.  S.  (w  —  v  sin  #)2sin£c=B 

The  velocity  of  the  boat  will  increase 
as  resistance  diminishes. 

"With  resistance  O,  the  resulting  equa- 
tion of  motion  becomes, 
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C.  S.  (w  —  v  sin  x)a  sin  x=0 

This  equation  will  be  satisfied  by  mak- 
ing w—v  sin  sc=0. 

If  sin  £=1,  x  becomes  90°  and  v=to, 
In  other  words,  the  sail  being  at  right  I 
angles  to  the  boat,  there  being  no  resist-  j 
ance,  boat's  velocity  is  equal  to  that  of ; 
the   wind,   as  it   should   be.      In   same  | 
equation   w—v   sin  x=0,    when    sin   x ! 
becomes  O,  v  becomes  infinite.     Hence, 
under  the  supposition  made,  the  limits 
of  the  velocity  v,  are  w,  and  infinity ;  the 
velocity  v  increasing,  as  sinx  diminishes. 
The  condition  of  no   resistance   cannot 
practically     exist,    but    the     discussion 
shows  that,  as  the  resistance  diminishes, 
sin  x  diminishes  and  v  increases. 

The  maximum  of  expression 


C.  S.  (w—v  sin  a:)Qsin  x 

=C.  S.  ?02(1— y  sinjaj)2sinaj 


gives, 


y= 


3  sin  x 


in  which  y  is  a  decreasing  function  of  x. 

The  above  equation,  as  well  as  an 
examination  of  Fig.  1,  shows  that  great 
velocities  are  possible  if  resistances  can 
be  made  small. 

The  resistances  to  boat's  motion  are 
due  to  friction  of  the  runners  on  the  ice, 
to  the  work  of  cutting  or  breaking  the  j 
ice,  and  the  resistance  due  to  the  wind, 
striking  against  parts  of  the  boat  so  as 
to  give  a  pressure  opposed  to  its  motion. 

Friction  is  proportional  to  pressure, 
and  is  usually  regarded  as  independent 
of  the  velocity  of  motion,  unless  the  press- 
ure is  sufficiently  great  to  change  the  form 
of  either  of  the  materials  in  contact.  In 
this  case  the  ice  is  cut  and  broken,  and 
work  is  done.  The  amount  of  this  work 
will  depend  upon  the  pressure,  and  the 
velocity  with  which  it  moves,  possibly 
varying  with  squares  of  velocity. 

Resistances  due  to  the  air  will  vary 
with  the  square  of  the  velocity  with 
which  it  strikes  against  surfaces  of  the 
boat.  All  the  cross-pieces  will  tend  to 
impede  motion  of  boats  as  usually  made, 
but  its  construction  can  be  such  as  to 
reduce  this  resistance  very  essentially. 
Friction  of  the  air  against  sail,  and  some 
surfaces  of  the  boat  impede  its  motion. 

This  force,  however,  is  small. 

There  are  no  experiments,  that  I  am 
aware  of,  determining  the  value  of  co-effi- 


cient of  friction  in  the  sailing  of  ice 
boats. 

The  pressure  producing  friction  is, 
first,  the  weight  of  the  boat,  and  second, 
the  component  of  wind's  pressure  upon 
the  sail  at  right  angles  to  the  boat.  The 
first  will  be  represented  by  W,  the  second 
by  C.  S.  (w—v  sin  x)*  cos  x. 

Resultant  pressure  of  these  two  forces 
will  be 

(3)     P'  =  VV  +  C.  S.  (w-v  sin  xf  cos  x 
Put  C.  S.  (w—v  sin  x)3  cos  x=F. 

It  is  some  proportional  part  of  W, 
which  can  be  expressed  by  variable  c. 
Hence  Pc=W,  and  by  substitution  in 
above  formula 

p'=VITcTp, 

and  the  friction,  /  being  its  co-efficient, 
is 

/VT+?.  P. 

Air's  resistance  is  expressed  in  pounds, 
and  for  each  case  will  be  some  propor- 
tionate part  of  a/1  +  c2.  P.  This  function 
is  variable,  but  will  be  determined  here- 
after. For  the  present  it  may  be  intro- 
duced as 


giving 


/Vl  +  c2.  P, 


R= (/+/')  Vi+c2.p 

or,  by  putting  /instead  of  (/+/') 

./yr+?.p=R 

the   total   resistances   to   boat's  motion. 
Hence, 

C.  S.  (w— vsmx)2smx=fVl  +  c\  P 

C.  S.  (w—v  sinz)2sin£c= 

/a/1  +  c2.  X  C  S.  (w—v  sin  sc)2cosar. 

tan  a=/Vl  +  c2 

W 

Putting  for  P  its  value —  there  results 

W 

(4)  C.  S.  (w  —  v  sin  a*)2  sin  x= tana  X  — 

C 

Let  yw=v,  then  y—  -  is  the  ratio    of 

boat's  velocity  of  motion  to  that  of  wind; 
and  (eq.  4)  becomes 

w 

(4)     C.  S.  ?/;(2l— y  sin  a)2  sin  re = tan  a:  x  — 


tan<c=/A/l  +  ca. 
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These  two  equations  are  the  equations 
of  motion  when  the  wind  is  at  right 
angles  to  the  sail,  with /as  an  indeter- 
minate variable.  This  variable  /  will  be 
discussed  further  on. 

As  the  weight  of  the  boat  must 
counterbalance  the  pressure  of  the  wind 
on  the  sail,  c  can  never  be  less  than  the 
ratio  of  the  height  of  the  center  of  figure 
of  the  sail  to  the  lever  arm  of  boat's 
weight.  The  form  of  the  sail  and  its 
dimensions,  with  weight  and  size  of 
boat,  and  distribution  of  its  load,  will 
determine  this  minimum  limit  of  c. 

The  value  of  c  corresponding  to  max- 
imum value  of  y  in  the  above  equation 
(4)  can  be  found  by  trial.  A  new  equa- 
tion, however,  showing  the  relation  of  c 
to  the  constants  and  angles  when  y  is  a 
maximum,  can  be  obtained  by  deducing 
value  of  y  in  equation  (4),  which  is 


W 


y- 


since 


v 


sin  x 


VM 


+  c2 


X 


i/JL 


Differentiating  and  putting  differential 
coefficients O,  the  resulting  equation, 
after  a  series  of  reductions,  becomes 

(A.)     1_       r__3  (l  +  ca) 

r    CS^2      \  -, 


ccosa? 


2.a/c-a/cos^ 

The  value  of  c  that  will  satisfy  this 
equation  will  correspond  to  y  a  max- 
imum in  eq.  (4.) 

Having  fixed  the  values  of  the  con- 
stants W.  C.  S.  w2,  and  assuming/,  c  can  be 
found  with  a  close  approximation,  by  the 
process  of  successive  substitutions. 

The  pressure  of  wind,  with  velocity  of 
one  mile  an  hour  on  a  square  foot  of 
surface,  is  recorded  as  .005  lbs.  On  large 
surfaces  it  is  very  much  increased,  the 
ratio  of  increase  being  set  down  as  large 
as  1.7.  For  sails  containing  200  and 
300  square  feet,  this  unit  of  pressure 
will  be  taken  as  .008=C. 

Friction  of  iron  upon  ice  is  doubtless 
small,  but  the  work  of  cutting  the  ice, 
and  the  resistance  of  the  wind,  will 
increase  rapidly  with  increased  velocity 
of  the  boat. 

The  equations  to  be  solved  for  a  max- 
imum value  of  y  are 


C.  S.  to2  (1—y  sin  x)2  sin  sc=tan  x— 


tMx=fV1  +  c* 
c 

With  sail's  surface  S  =  200  sq.  ft.  W=600 
lbs.  there  results  for 

y?_i    (  maximum  value  of  y,  1.265 

^~Ir  i  corresponding  value  of  c    1.9 
to  =  25  )  i  ino  on' 

(  angle,     19  .29 

with 

„_  j    (  maximum  value  of  y,  is       1.052 
^~Jrr  <  corresponding  value  of  c  is  1.9 
w^5{  angle  x=    23U4' 

with  sail's  surface  S  =  300  sq.  ft.     W= 
800  lbs. 

/._1    (  maximum  value  of  y  is        9.97 
•  ~on  <  corresponding  value  of  c  is  2.3 
w-^  (  angle  x=     22°.41' 

with 

z._t    (  maximum  value  of  y  is        1.357 
^~I^  \  corresponding  value  of  c  is  1.8 
w'-^  (  angle  x=     18°.56' 

with 

,,_  j    (  maximum  value  of  y  is      1.1414 

J~ Je  i  corresponding  value  of  c  is  1.7 
w=2b  )  v  &  i  oio  oo> 

(  angle  x=     21  .32 

with 

-    j    (  maximum  value  of  y  is        1.454 
J  ~ In.  i  corresponding  value  of  c  is  1.3 
w~      (  angle  x=       18°.10' 

with 

/.__i    (  maximum  value  of  y  is        1.285 
'  _of\  \  corresponding  value  of  c  is  1.3 
W~6K)  {  angle  x=       22°.04' 

With  sails  surface  S=350  sq.  ft.     W= 
800  lbs. 


/•_  i    (  maximum  value  of  y  is        1.1 
J~£n.  •<  corresponding  value  of  c  is  1.3 

angle  x        28°.40' 


w  =  30 


If  /  has  not  been  assumed  too  small 
and  C  too  large,  the  foregoing  solutions 
indicate  that  an  ice  boat  may  attain  a 
velocity  much  in  excess  of  that  of  the 
wind  that  propels  it. 

W 

From    equation    R=tan£eX —    there 

results   for  /==£    (see    preceding    solu- 
tions). 

R,  the  resistance  to  motion,  =         W, 


THE   IOE   BOAT. 


517 


while  the  velocity  of  the  bout  is  1.285 
times  that  of  the  wind. 

With    f  =  i    the    resistance    becomes 

i-'  v  ;.,    .11 

j^W,  while  v  is  jgt*. 

It  seems  improbable  that  the  resist 
ances  to  the  motion  of  the  boat  can 
become  so  large  a  proportion  of  its 
weight,  nnless  its  construction  be  such 
expose  large  surfaces  to  the  wind's 
resistance. 

In  equation  of  motion, 

w 

C.  S.  w7(l— ysina:)Qsina;=tan.TX — ' 

by  increasing  S,  the  sail's  surface,  the 
propelling  force  will  increase.  Hence,  if 
\Y  remains  constant,  /'  may  be  increased 
proportionately  with  S,  without  reducing 
velocity  v.  Now,  by  elongation,  the  sail's 
surface  can  be  increased  to  large  dimen- 
sions, without  increasing  W,  farther  than 
by  the  additional  weight  of  sail.  One 
condition  only  is  to  be  observed  in  this 
change,  viz.,  that  the  ratio  of  the  height 
of  the  sail's  center  of  figure  above  the 
ice.  to  the  lever  arm  of  the  boat's  weight, 
must  not  exceed  the  value  c. 

The  foregoing  is  intended  simply  as  a  dis- 
cussion of  the  conditions  essential  to  give 
an  ice  boat  its  maximum  velocity,  and  also 
to  show  the  probabilities  of  its  maximum 
speed  exceeding  that  of  the  wind.  These 
conditions  require  that  the  wind  shall  be 
at  right  angles  to  the  sail,  which  may 
be  increased  to  large  dimensions,  so  that 
the  height  be  kept  within  the  limits 
imposed  by  the  value  c.  The  boat  itself 
should  be  so  constructed  as  to  present 
narrow  surfaces  to  the  wind,  with  a  view 
to  dimmish  the  air's  resistance. 


GENERAL  EQUATION. 

Equation  (4)  was  obtained  under  the 
condition  that  the  direction  of  the  wind 
should  be  at  at  right  angles  to  the  sail. 
If  the  wind  make  any  angle,  u,  with  the 
plane  of  the  sail,  the  equation  will  be 
modified,  and  will  apply  to  all  cases.  It 
will  become 

W 

C  S.  (tc.  sin.  u— v  sin  xY  sin  sc=tan  x.— . 

c 

If  c  were  known,  this  equation  could 
be  solved  for  all  assumed  Values  of  x  and 
w.  c,  however,  is  a  variable  involving 
the  variable/*. 


ANALYSIS    OF    Till     VARIABLE  /. 

So  far  as  f  represents  the  co  efficient 
of  friction  proper,  it  may  be  represented 
by  /'  a  constant  ;  and  as  the  multiple  of 
P',  expressing  work  done  in  cutting  and 
breaking  the  ice  and  removing  the  frag- 
ments, by  f'vd  .  The  resistance  due  to 
friction,  therefore,  will  be  (/+/"yd)  P'. 

To  investigate  the  resistance  of  the 
air,  let  the  boat's  frame  be  trapezoidal  in 
form,  covered  on  its  under  surface  with 
canvas,  and  on  its  upper  with  tlrin 
boards  and  canvas,  with  an  iron  frame- 
work to  support  the  mast.  The  air's 
resistance  will  thus  be  due  only  to  the 
boat's  front  end,  the  mast,  the  iron 
frame-work,  very  small,  the  side  surfaces 
of  two  men,  sitting  at  light  angles  to 
boat's  length,  and  to  surface  of  ballast. 

The  velocity  with  which  the  air  strikes 
these  surfaces  at  right  angles  to  their 
planes,  and  directly  opposed  to  boat's 
direction,  will  appear  from  Figs.  (2  &  3). 


In  Fig.  2  let  AB=w  be  wind's  direc- 
tion at  right  angles  to  sail.  EC  =  v, 
velocity    of    boat.      Then 

CE  —  BE  =  v  —  w  sin  x, 

will  be  the  velocity  with  which  the  wind 
will  strike  the  boat,  in  direction  opposite 
to  its  motion. 

The  same  result  is  found  from  an  in- 
spection of  Fig.  3. 

Since  boat  moves  from  a  to  b,  while 
wind  moves  from  a  to  d,  the  effect  upon 


518 


VAN"  nostkand's  engineeking  magazine. 


the  sail  is  the  same  as  though  the  wind 
moved  from  b  to  a,  with  a  velocity  b  a, 
the  sail  not  moving,  and  that  is  in  effect 
the  direction  in  which  the  wind  strikes 
the  sail,  and  b  g=v—w  sin  x  is  its  effect- 
ive velocity  in  direction  b  a,  opposite  to 
boat's  motion. 

If  F  represent  the  surfaces  above 
enumerated,  the  air's  resistance  to  motion 
will  be, 

C.  F.  (v  -wsinxy. 

Make         C.  F.  (v—w  sin  aj)*=eW=ePc. 

As  e  varies  directly  with  the  variable 
(v—w  since)2,  it  will  be  equal  to  a  con- 
stant multiplied  x{v—w$m  x)2.     Hence 

C.  F.  (v—tv  sin  xy=f"(v—io  sin  #)2Pc 

CF 

f 


W 


a  known  quantity,  and 


tang.aj= (/+/'  vd)  Vl+c2  +/"c(v-  losmx)'' 


The  general  equations  are 

\timx=/(f+f/vd)Vl+c*  \ 

\+f"c  (v  +  io  cos  (u  +  x)J 

w 

CS.  (to.  bid.  it— v sina?)2=tansc— 

c 


(5H 


/,  /'  and  d  may  be  obtained  by  a  series 
of  careful  trials. 

After  those  constants  are  obtained, 
the  two  equations  (5)  will  have  but  two 
unknown  quantities,  and  can  therefore 
be  solved  for  any  value  of  w  and  angle  x. 

The  air  rapidly  passing  obliquely  be- 
hind the  sail,  doubtless  diminishes  the 
pressure  upon  its  back  surface,  and 
thereby  increases  the  effect  of  the  winds 
propelling  force.  It  virtually  increases 
the  constant  C. 


Undeegeound  Tempeeatuee. — The  tem- 
perature of  the  surface  of  the  ground  is 
not  sensibly  influenced  by  the  flow  of 
heat  upwards  from  below,  but  is  deter- 
mined by  astronomical  and  atmospheric 
conditions.  The  rate  of  increase  in 
traveling  downwards  from  the  surface 
may  conveniently  be  called  the  tempera- 
ture gradient,  and  averages  about  1°  F. 
for  fifty  or  sixty  feet.  This  is  about  five 
times  as  steep  as  the  temperature  gradi- 
ent in  the  air. 

If  we  draw  isothermal  surfaces  for 
mean  annual  temperature  in  the  ground 
their  form  beneath  mountains  and  val- 
leys will  be  flatter  than  that  of  the  sur- 
face above  them.  This  is  true  even  of 
the  uppermost;  and  the  flattening  in- 
creases as  we  pass  to  lower  ones,  until 
at  a  considerable  depth  they  become 
sensibly  horizontal  planes.  The  temper- 
ature gradient  is  consequently  steeper 
beneath  gorges  and  least  deep  beneath 
ridges. 

In  a  place  where  the  surface  of  the 
ground  and  the  isothermal  surfaces  be- 
neath it  are  horizontal  the  flow  of  the 
heat  will  be  vertical,  and  the  same  quan- 
tity of  heat  will  flow  across  all  sections 
which  lie  in  the  same  vertical.  In.  this 
case  the  flow  across  a  horizontal  area  of 
unit  size  will  be  equal  to  the  product  of 
the  temperature  gradient  by  the  con- 
ductivity, if  we  employ  the  latter  term 
in  an  extended  sense  so  as  to  make  it 
include  convection  by  the  percolation  of 
water,  as  well  as  conduction  proper.  It 
follows  that  in  comparing  different  strata 
lying  in  the  same  vertical,  the  gradient 
will  vary  in  the  converse  ratio  of  their 
conductivity.  It  seems  probable  that 
the  same  law  of  inverse  proportion  be- 
tween gradient  and  conductivity  holds 
approximately    even    when    the     strata 
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compared  are  not  in  the  same  vertical, 
but  are  widely  distant. 

As  regards  the  modes  of  observation 
which  have  been  employed  for  the  deter- 
mination of  gradients: — shafts  full  of 
water,  and  wells  of  large  diameter, 
afford  so  much  facility  for  equalization 
of  temperature,  by  currents  between  the 
colder  water  above  and  the  warmer 
water  below,  that  they  furnish  no  useful 
results.  Even  in  bores  of  small  diame- 
ter the  same  disturbing  cause  exists  and 
always  makes  the  observed  less  than  the 
true  gradient. 

Observations  in  mines  will  be  vitiated 
by  the  presence  of  pyrites,  which  gener- 
ates heat  by  its  slow  combustion,  and 
are  also  liable  to  be  vitiated  by  strong 
currents  of  air;  but  when  they  are  taken 
at  the  newly  exposed  face  of  a  gallery 
which  is  being  driven  into  the  rock,  care 
being  taken  to  prevent  strong  air-cur- 
rents at  the  place,  and  the  surrounding 
ground  not  being  too  much  honey- 
combed by  previous  excavations,  good 
results  may  be  obtained.  A  hole  should 
be  bored  to  the  depth  of  about  two  feet 
in  the  newly  exposed  face,  the  thermometer 
inserted,  and  the  hole  plugged  wi.th  clay. 


system,  whereby  the  maximum  strength 
is   obtained  with  the  minimum  weight. 
The     dependence     on     skilled     manual 
labor,   which  is  so  eminently  character- 
istic of  the  present  method  of  shipbuild- 
ing, is  nearly  obviated,  the  frabric  being 
most  readily  and  simply  constructed  by 
the  employment  of  channel  sections  of 
iron  or  steel,  and  the  riveting  effected  by 
mechanical  means   such   as   Tweddell's. 
The    fabric    is    erected    in    permanent 
buildings,    specially    designed    for    the 
purpose,  whereby  the  present  expensive 
systems  of  frame,  floor-plate,   bending, 
hand  templating  for  the  skin  and  other 
plating,    shoeing    and    ribboning,    hand 
riveting,  &c.,  all  of  which  are  dependent 
on  skilled  manual  labor,  are  done  away 
with,     mechanical    appliances    and    un- 
skilled   labor    taking    their    place,    the 
result  being  that  a  stronger,  lighter,  and 
less  expensive  fabric  is  produced,  and  a 
considerable  saving  in  the  time  required 
for  building  is  effected. 


Railway  Statistics. — Among  the  inter- 
esting statistical  details  connected  with 
railways  which  have  been  published  in 
German,  it. appears  that  Germany  itself 
holds  the  first  place  in  Europe  in  the 
quantity  of  its  railway  communications, 
possessing  a  net  wort  of  30,364  kilome- 
tres Next  comes  England  with  27,540  kilo- 
metres, then  France  with  23,883  kilome- 
tres, and  Russia  with  21,687  kilometres. 
Austro-Hungary  has  only  17,997  kilome- 
tres, and  Italy  8213  kilometres.  The 
railway  mileage  of  the  United  States  of 
America  amounts  to  more  than  five-sixths 
of  •  the  total  mileage  of  Europe,  being 
127,470  kilometres.  The  other  States  of 
America  have  altogether  only  16,000  kilo- 
metres of  railways.  Asia  has  14,000 
kilometres,  Australia  4000  kilometres,  and 
Africa  only  2900  kilometres.—  The  En- 
gineer. 


New  Process  of  Iron  Shipbuilding. — 
Mr.  J.  Humphreys,  general  manager  of 
the  Barrow  Shipbuilding  Company,  has  in- 
vented a  new  mode  of  constructing  iron 
ships,  on  what  is  known  as  the  longitudinal 
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American  Society  of  Civil  Engineers. — 
The    latest    published    papers    of   the 
society  are: 

No.  186.  The  Use  of  Steel  for  Bridges,  by 
Theodore  Cooper. 

No.  187.  The  Construction  of  the  Atchison, 
Topeka  and  Santa  Fe  Railroad  over  the  Raton 
Mountains,  and  the  Performance  of  Locomo- 
tives on  its  Steep  Grades,  by  James  D.  Burr. 

Institution  of  Civil  Engineers. — We  have 
received,  through  the  kindness  of  Mr. 
James  Forrest,  Secretary,  tha  following  ex- 
cerpt minutes  of  the  "Proceedings:" 

Strength  and  Elasticity  of  Materials,  by 
William  James  Millar. 

The  Traveling  of  Sea  Beaches,  by  George 
Henry  Kinahan,  M.  R.  I.  A. 

The  Street  and  Footwalk  Pavements  of 
.Montreal,  by  Percival  Walter  St.  George, 
A.  I.  C.  E. 

A  Graphic  Mode  of  Ascertaining  the  Flow  of 
a  Mill  Stream,  by  William  Shelf ord,  M.  I.  C.  E. 

I^nglneers'  Club  of  Philadelphia. — At 
U  a  regular  meeting  of  the  club,  held  Oc- 
tober 18th,  Mr.  Rudolph  Hering  made  some  re- 
marks upon  the  cement  and  works  of  the  Cop- 
ley Cement  Co.  The  fact  that  their  cement  is 
not  artificial,  but  depends  entirely  upon  the  na- 
ture and  composition  of  the  various  layers  of 
rock  in  quarry,  leads  to  frequent  variations  in 
quality.  Mr.  Hering  described  processes  of 
burning  and  grinding  the  rocks  from  which 
the  celebrated  brand,  "Savior's  American 
Portland,"  is  made.  The  rock  is  a  massive  ar- 
gillaceous limestone,  which  occurs  in  beds  of 
about  twelve  feet  thick  and  forms  the  upper 
layers  of  the  Trenton  group. 
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Mr.  Charles  A.  Ashburner  read  some  notes 
on  the  "  Eames'  Petroleum-Puddling  Process." 
This  process  for  utilizing  petroleum  as  a  fuel 
has  been  in  use  for  about  live  years,  in  the 
manufacture  of  blooms,  boiler  plate,  horse- 
shoes, crucible  and  open  hearth  steel,  and 
glassware.  The  petroleum  vapor  generator, 
which  is  the  peculiar  feature  of  this  process, 
consists  of  a  cast-iron  vessel,  with  slightly- 
sloping  shelves,  projecting  alternately  from 
opposite  sides.  The  petroleum  enters  at  the 
top  from  a  quarter-inch  pipe  and  under  twenty 
pounds  pressure.  Steam,  heated  to  incan- 
descence, enters  the  bottom  of  the  generator, 
and  meets  the  oil  as  it  drips  from  the  lowest 
shelf;  they  then  pass  into  the  combustion 
chamber,  which  is  situated  on  the  bridge-wall, 
and  consists  of  a  cellular  layer  of  bricks  placed 
on  end  and  extending  across  the  bridge.  The 
gas  is  ignited  here  and  forced  into  the  furnace 
by  an  air-blast. 

The  works  shut  down  at  6,  p.  m.  At  6.15, 
a.  m. ,  the  next  day,  fire  is  let  into  the  furnace 
and  puddling  can  be  commenced  at  7  o'clock. 
The  capacity  of  a  furnace  is  fifteen  tons  per 
day;  to  work  which,  ten  barrels  of  crude  oil 
are  used.  The  iron  manufactured  by  this  pro- 
cess is  of  a  very  superior  quality  and  com- 
mands a  high  price. 

Mr.  Rudolph  Hering  exhibited  a  full  set  of 
detailed  drawings  of  the  extensive  works  at 
present  being  prosecuted  for.  the  improvement 
of  the  sewerage  of  Boston. 

Mr.  Charles  Darrach  presented  some  notes  on 
"Meyers'  Formulae  for  Proportionate  Culverts 
on  Railroads," — these  being  in  discussion  of  a 
paper  by  Mr.  Cleeman,  published  in  No.  3  of 
the  Proceedings  of  the  Club. 

At  the  regular  meeting  of  the  club,  held  No- 
vember 1st,  Prof.  L.  M.  Haupt  read  a  report 
upon  the  - '  Progress  of  the  Geodetic  Survey  in 
Pennsylvania,"  which  was  illustrated  by  maps 
and  drawings.  The  report  contains  a  synopsis 
of  operations  of  the  survey  and  results  ob- 
tained. The  inception  of  the  survey  was  the 
result  of  a  conversation  held  in  1874,  between 
the  Hon.  C.  G.  Pattison,  Superintendent  U.  S. 
Coast  Survey,  under  whose  direction  the  work 
is  conducted,  and  Prof.  J.  P.  Lesley,  Director 
of  the  Second  Geological  Survey  of  Pennsyl- 
vania. Prof.  Haupt  was  selected  to  conduct 
the  work  in  this  State,  and  began  work  by  a 
reconnoissance  in  Lehigh  and  Northampton 
counties  on  July  1st,  1875.  The  manner  of 
conducting  the  reconnoissance  work  was  fully 
explained,  and  a  list  of  points,  as  determined 
by  the  survey,  given  for  reference. 
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rp he  Art  op  Puddling.— On  the  7th  Octo- 
JL  ber,  Mr.  R.  Howson  of  Middlesbrough, 
read  before  the  North  Staffordshire  Mining  and 
Mechanical  Engineers,  a  supplementary  paper 
on  "The  Art  of  Puddling:  its  Past,  Present, 
and  Future."  "What,"  he  asked,  "are  the 
conditions  which  render  the  elimination  of 
phosphorus  a  matter  of  such  difficulty  and  un- 
certainty? To  state  the  question  in  another 
way,  What  quality  of  pig  iron  metal,  assuming 


it  to  be  phosphoric,  is  best  adapted  for  pud- 
dling purposes?  The  answer  is,  That  which  is 
most  free  from  the  silicious  element.  Remove 
the  silicon  from  the  pig,  and  the  silica  from 
the  cinder,  and  the  phosphorus  will  remove  it- 
self, provided  there  is  enough  carbon  in  it  to 
keep  it  in  a  fluid  state.  It  does  not  require  a 
very  critical  knowledge  of  chemistry  (which, 
indeed,  I  do  not  pretend  to)  to  understand  why 
this  is  the  case. 

"The  silicon  in  pig  iron  has  a  higher  affinity 
for  oxygen  than  has  phosphorus;  pro  tantoy 
therefore,  it  forestalls  and  prevents  the  oxida- 
tion of  that  element.  Again,  silicic  acid  has  a 
higher  affinity  for  the  oxide  base  of  the  fettling 
than  has  phosphoric  acid.  It  is  even  said  that, 
under  certain  conditions,  it  will  expel  phos- 
phoric acid  already  in  combination  with  it. 
The  presence  of  silica,  consequently,  in  the 
cinder,  tends  in  proportion  to  its  amount  to  dis- 
turb the  conditions  by  which  alone  phosphorus 
is  oxidized,  and  its  resulting  acid  is  absorbed. 

"If  this  view  commends  itself  theoretically 
to  the  scientific  chemist,  as  it  undoubtedly 
does,  then  the  corresponding  practice  ought  to 
reveal  its  truth,  and  this  is  really  the  case.  I 
have  become  convinced  by  experience  that 
when  the  silicon  in  pig  iron  reaches  2  per  cent, 
and  upwards,  while  at  the  same  time  the  phos- 
phorus is  high,  say  1.5  per  cent.,  it  is  a  matter 
of  extreme  difficulty  to  obtain  a  good  and  in- 
variable result  as  regards  quality  of  puddled 
bar  by  one  process  only.  On  the  other  hand, 
when  the  silicious  element  falls  below  1  per 
cent. ,  then  the  presence  of  phosphorus  presents 
but  little  difficulty,  provided  the  fettling  is  suf- 
ficiently basic. 

' '  I  may  here  state  that  in  the  Cleveland  dis- 
trict it  so  happens  that  while  the  phosphorus 
in  the  pig  is  very  nearly  constant  (averaging 
1.5  per  cent.),  the  silicon  varies  in  the  most 
capricious  manner,  from  0.5  per  cent,  in  excep- 
tional cases,  to  as  much  as  5  per  cent  in  others, 
It  is  this  fact  which  has  so  often  led  to  the 
complaints  and  strikes  of  the  much-abused 
puddler,  and  it  is  this  which  has  baffled  all  the 
attempts  to  reduce  the  art  of  puddling  to  a  cer- 
tainty. Moreover,  it  is  this  which  has  given 
such  a  marked  advantage  to  the  competition  of 
steel  made  by  the  Bessemer  and  Siemens-Mar- 
tin processes,  in  spite  of  their  being  (hitherto 
at  least)  only  applicable  to  the  more  expensive 
brands  of  pig  iron.  By  the  latter  methods,  up 
to  the  present  time,  under  all  their  modifica- 
tions/ the  presence  of  phosphorus,  except  in 
very  small  quantity,  is  inadmissable.  In  pud- 
dling, on  the  contrary,  neither  phosphorus  nor 
silicon  presents  any  difficulty  when  taken  alone. 
It  is  the  combination  of  the  two  which  offers 
such  an  unassailable  front.  Many  members  of 
this  society  will  by  this  time  have  read  the  very 
important  paper  contributed  by  its  former  presi- 
dent, Mr.  Adamson,  to  the  Paris  meeting  of 
the  Iron  and  Steel  Institute.  During  the  dis- 
cussion on  that  paper  he  characterized  the  pro- 
cess of  puddling  as  one  of  the  manufacture  of 
'concrete.'  With  a  germ  of  truth  in  it  which 
cannot  be  denied,  the  term  is,  of  course,  an  ex- 
aggeration. No  one  would  more  readily  admit 
than  Mr.  Adamson  that  the  process  of  pud- 
dling, provided  only  it  is  properly  done,  is  cap- 
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able  of  producing  wrought  iron  with  properties 
which   balance  favorably  with  those   of   mild 
steel  for  a  great  variety   of  purposes.     I  will 
only  refer  to  the  well-known  fact  that  iron  rails 
made  long  ago,  before  the  competition  became 
so  severe,  were  as  a  rule  as  good  as  the  modern 
steel  rail,   with  the  property  of  durability,  in 
many  instances  far    exceeding  that  of  steel. 
We  have  also  the  Staffordshire  brands  of  bar 
iron,  with  their  facility  for  welding,  to  which  is 
due  the  reliability  of  such  a  manufacture  as  that  | 
of  chain  cables.     With  regard  to  plates,  com-  j 
parisons  have  been  drawn  in  favor  of  steel  on 
the  ground  that  iron  ones  are  deficient  in  lateral 
strength  in  cousequence  of  their  fibrous  struc- 
ture.    Nevertheless  there  are  not  wanting  facts  { 
tending  to  show  that  Yorkshire  and  Stafford- 
shire plates  will  still  hold  their  own  agafnst  j 
steel,  especially  with  improved  puddling,  and 
a  better  system  of  rolling. 

'  The  truth  is,  there  is  essentially  very  little 
difference  between  wrought  iron  and  what  is 
usually  called  mild  steel.  What  small  distinc- 
tion does  really  exist  is  only  such  as  to  adapt 
each  to  its  respective  office.  That  which  re- 
mains to  be  done  in  respect  of  wrought  iron  is 
to  determine  that  we  shall  no  longer  adhere  to 
a  system  of  manufacture,  the  produce  of  which 
can,  by  any  stretch  of  adverse  criticism,  be 
compared  to  concrete. 

1 '  I  have  called  attention  to  the  fact  that 
when  silicon  is  present  in  any  notable  quantity 
in  pig  iron,  which  is  also  phosphoric,  it  acts  as 
a  formidable  preventive  to  the  oxidation  of  the 
phosphorus.  It  has  also  been  pointed  out  that 
an  undue  percentage  of  silicon  in  the  fettling 
has  a  similar  injurious  effect.  On  the  other 
hand,  if  silicon  and  its  acid  are  comparatively 
absent,  then  there  is  but  little  difficulty  with 
the  phosphorus,  and  it  is  a  corollary  equally 
true,  that  if  phosphorus  is  comparatively  ab- 
sent, then  the  presence  of  silicon  is  not  detri- 
mental. I  will  not  trouble  the  meeting  with  a 
detail  of  my  own  experiments,  but  will  rather 
confirm  these  statements  by  what  I  have  been 
able  lately  to  glean  in  France  in  connection 
with  the  working  of  the  Godfrey  and  Howson 
furnace. 

1 '  At  the  Terre-Noire  Company's  works  sit- 
uated at  Tamaris,  they  have  had  one  of  these 
machines  at  work  for  a  considerable  time,  and 
a  paper  on  the  subject  was  to  have  been  read 
at  the  last  meeting  of  the  Iron  and  Steel  Insti- 
tute had  time  permitted,  by  M.  Escalle,  the 
managing  director.  I  have  been  favored  by  a 
perusal  of  this  memoir,  in  which  the  author  re- 
ports the  removal  of  phosphorus  to  a  greater 
extent  than  he  has  ever  experienced  before, 
while  the  operation  of  puddling  with  fluid  iron 
taken  direct  from  the  blast  furnace  does  not  oc- 
cupy a  time  of  more  than  25  minutes.  On  re- 
ferring to  the  analysis  of  the  pig  iron,  it  was 
found  to  be  low  both  in  silicon  and  phospho- 
rus, not  much  exceeding  0.5  per  cent,  of  each 
constituent. 

"  At  Hayanges,  Messrs.  De  Wendel,  after 
trying  a  series  of  experiments  with  this  furnace, 
report  a  very  favorable  result.  Their  blast  fur- 
naces produce  several  qualities  of  pig  metal, 
the  extreme  grey  containing  P  1.819  per  cent, 
and  Si  3.60  per  cent.,  while  the  extreme  white 


gives  P  1.10  and  Si  0.855,  the  carbon  being 
nearly  alike  in  both  eases,    viz.,    about  4    pel 

cent.  Observe  the  comparative  deficiency  of 
Si  in  the  white  metal.  On  Inquiry,  as  might 
be  anticipated,  it  was  ascertained  that  it  was 
this  which  was  used,  and,  in  fact,  specially 
smelted  for  puddling  purposes,  while  the  grey 
was  found  to  be  entirely  unsuitable. 

"I  may  here  note,  by  way  of  parent le 
that  in  England  grey  iron  is  often  employed 
when  a  superior  quality  of  puddled  bar  is  de- 
sired. The  reason  of  this  is  that  it  contains 
more  carbon,  or  carbon  in  such  a  condition  as 
enables  it  to  maintain  the  fluidity  of  the  metal 
for  a  compartively  long  time.  At  Hayanges, 
it  is  evident  that  there  is  sufficient  carbon  in 
the  white  metal  to  effect  the  purpose,  while  its 
superiority  for  puddling  consists  in  its  low  per- 
centage of  silicon. 

"At  the  works  of  Messrs.  Dupont  &  Fould, 
at  Poinpc)r,  I  witnessed  the  working  of  several 
heats.  The  pig  iron  contained  on  an  average 
P  1.70  per  cent  ,  Si  1.4  per  cent.  The  puddled 
bar  was  fairly  good,  but  the  P  remaining  in  it 
was  estimated  to  be  not  below  0.30  per  cent. 
A  more  perfect  elimination  of  this  element 
could  only  be  procured  in  this  case  by  pre- 
viously reducing  the  amount  of  silicon. 

"At  Fourchambault  two  days  were  spent,, 
and  a  great  number  of  heats  witnessed,  the  du- 
ration of  each  heat  averaging  half  an  hour.  In 
this  instancs  the  analysis  of  the  pig  showed  a 
reversed  condition  to  that  of  Hayanges.  The 
P  was  low,  0.27  per  cent.,  while  the  silicon  was 
high,  3.0  per  cent.  If  what  I  have  stated 
above  as  to  the  effect  of  the  interchange  of 
these  elements  is  correct,  then  the  puddled  pro- 
duce of  this  pig  ought  to  be  good,  and  it 
proved  to  be  so.  The  balls  as  they  came  from 
the  furnace  were  hammered  into  solid  homo- 
geneous blooms,  which  were  at  once  heated 
and  rolled  into  finished  bars  direct  and  without 
piling. 

"I  could  bring  forward  further  evidence  in 
illustration  of  the  mutual  counteraction  of  these 
troublesome  constituents  of  pig  iron,  but  will 
only  refer  in  conclusion  to  the  opinion  of  Mr. 
S.  G.  Thomas,  a  gentleman  who  has  undoubt- 
edly investigated  the  subject  with  great  care 
and  perseverance,  and  it  may  be  added,  with  a 
certain  amount  of  success  in  a  quite  unexpected 
direction.  The  whole  of  his  theory  is  based 
upon  the  ascertained  fact  that  an  acid  cinder 
prevents  the  elimination  of  phosphorus.  If, 
therefore  (he  says  in  effect),  we  are  to  under- 
take the  task  of  manufacturing  steel  out  of 
phosphoric  brands  of  pig  iron,  either  by  the 
Bessemer  or  the  Siemens-Martin  method,  the 
lining  of  our  converter  or  furnace  must  be 
basic  to  begin  with,  and  the  cinder  arising 
from  the  metal  during  the  process  must  be  ren- 
dered basic.  Whether  this  principle  is  applica- 
ble in  practice  at  extreme  high  temperature  or 
not  remains  still  to  be  proved,  but  it  is  un- 
doubtedly a  true  one  in  relation  to  the  moder- 
ate temperatures  of  the  puddling  furnace. 

"  Leaving  the  hematites  out  of  the  question, 
we  have  in  England  a  vast  variety  of  iron  ores 
more  or  less  phosphoric.  The  utilization  of 
these  has  of  late  years  been  gradually  losing 
ground  for  want  of  the  knowledge  and  applica- 
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tion  of  this  simple  fact — silicon  and  phosphorus 
are  incompatible  elements.  Neither  of  them 
are  formidable  alone,  but  when  both  are  pres- 
ent to  any  considerable  extent,  then  our  first 
study  ought  to  be  how  to  get  rid  of  one  of  them. 
It  seems  certain  at  present,  and  likely  to  con- 
tinue so,  that  in  smelting  phosphoric  ores  we 
must  rest  content  with  getting  the  whole,  or 
nearly  the  whole,  of  the  phosphorus  in  the  pig 
metal.  We  have,  therefore,  only  the  silicon  to 
deal  with.  How  is  it  to  be  attacked?  The  ra- 
tional way  is  to  begin  at  the  beginning,  and 
smelt  the  iron  specially  for  forge  purposes, 
with  a  high  burthen,  a  comparatively  low  tem- 
perature, and  with  sufficient  lime  to  render  the 
slag  basic.  What  can  be  expected  from  the 
system  of  purchasing  forge  pigs  hap-hazard 
in  the  open  market,  coming,  it  may  be,  off  a 
foundry  burthen,  and  containing  an  amount  of 
phosphorus  which  may  be  easily  surmised,  but 
an  absolutely  unknown  quantity  of  silicon? 
Care  in  puddling  is  all  very  wel],  but  to  make 
it  successful  care  in  the  selection  of  brands  is 
the  first  requisite.  I  believe  it  to  be  possible 
with  any  class  of  ores  which  we  possess  so  to 
regulate  the  smelting  process  as  to  render  me- 
chanical puddling  a  comparatively  simple 
operation.  But  it  may  be  said  that  there  will 
be  always  pig  iron  produced  which,  although 
of  unsuitable  character,  must  nevertheless  be 
utilized.  This  no  doubt  is  true,  but  if  so,  then 
it  is  all  the  more  necessary  \o  know  what  we 
have  got  before  we  commence  to  deal  with  it. 
To  make  good  puddled  bar  out  of  pig  metal, 
containing,  as  it  often  does,  P  1.5  per  cent,  and 
Si  3. 0  per  cent. ,  is  a  most  difficult  task,  but  if  the 
greater  part  of  the  silicon  is  first  removed,  then 
it  becomes  an  easy  one.  It  thus  happens  that 
the  old  method  of  the  refinery  fire  is  founded 
on  true  principles,  but  it  is  too  expensive,  and 
must  give  way  to  more  scientific  modes  of 
treatment.  These  are  not  wanting,  although  it 
would  occupy  too  much  time  to  discuss  them 
at  present.  I  can  only  conclude  by  repeating 
that  it  is  the  peculiar  chemical  antagonism 
which  silicon  and  phosphorus  (along  with  their 
oxygen  compounds)  hold  to  each  other,  that 
lies  at  the  root  of  the  difficulty  of  the  manufac- 
ture of  both  wrought  iron  and  steel  out  of  the 
cheaper  brands  of  pig  iron.  Simple  as  the  fact 
may  appear,  it  is  by  the  proper  appreciation  of 
this  law  that  we  attain  to  success  in  mechan- 
ical puddling,  and  it  is  on  this  that  we  have  to 
rely  for  the  cheap  production  of  steel  in  the 
Bessemer  converter,  as  well  as  in  the  Siemens 
or  Ponsard  furnace." 


RAILWAY  NOTES, 

Keferrxng  to  the  reforms  on  the  Prussian 
State  railways,  the  New  Free  Press  says 
the  Prussian  Minister  of  Commerce  has  organ- 
ized measures  by  means  of  which  great  econ- 
omy will  be  effected.  The  principal  changes 
are:  (1)  That  steel  rails  shall  be  exclusively 
used.  (2)  All  tunnels  on  new  railways  will  be 
supplied  only  with  a  single  line.  (3)  The  op- 
tical signals  between  station  and  station  will  be 
given  up,  which  plan  has  already  been  adopted 


with  success  in  the  United  States  and  in 
certain  European  countries.  This  alteration 
does  not  involve  the  slightest  disadvantage;  on 
the  contrary,  it  will  get  rid  of  a  whole  army  of 
railway  servants,  who  simply  have  to  station 
themselves  along  the  lines  to  signal  the  trains. 
4)  The  introduction  of  a  central  position  for 
sliding  rail  (switches)  and  signal  apparatus, 
which  can  be  set  in  motion  by  one  man,  and  so 
a  large  number  of  switchmen  at  the  small  sta- 
tions will  be  dispensed  with.  (5)  The  introduc- 
tion of  continuous  brakes.  These  have  been  in 
vse  since  1878  on  nearly  all  passenger  trains 
throughout  European  railways.  (6)  Relieving 
under  certain  conditions  local  lines,  over  which 
only  light  traffic  passes,  from  some  of  the 
costly  precautionary  measures  which  are  only 
absolutely  necessary  where  the  traffic  consists 
of  heavy  loads  or  express  trains. 

The  St.  Louis  Republican  gives  the  following 
estimate  of  the  running  expenses  of  a 
narrow  gauge  railroad,  based  on  the  perform- 
ance of  nineteen  locomotives  during  the  month 
of  June  last.  The  locomotives  consume  one 
ton  of  coal  per  seventy  miles,  one  pint  of  oil 
for  thirty-eight  miles,  one  pound  of  tallow  for 
seventy-seven  miles  of  running.  Engine  repairs 
have  cost  4^  cents ;  the  wages  of  engineers,  fire- 
men, and  ^round-house  men  have  cost  5^j 
cents;  fuel  has  cost  li  cents;  and  oil,  tallow 
and  waste  have  cost  \  of  a  cent  per  mile  run  by 
the  engines,  making  a  total  for  engine  services 
of  12  cents  a  mile;  a  result  which,  is  seldom 
equaled  in  the  direction  of  economy.  The 
gauge  is  we  believe  3ft. 

The  elevation  above  the  level  of  the  sea  of 
some  of  the  chief  railways  of  the  world 
out  of  the  British  Islands  is  as  follows:  The 
Apennine  line  at  its  highest  point  is  617  meters 
above  the  sea  level ;  the  Black  Forest  line,  850 
meters;  the  Semmering,  890;  and  the  railway 
over  the  Caucasus,  975  meters.  The  tunnel  of 
the  St.  Gothard  line  attains  an  elevation  of  1,154 
meters;  of  the  Bremner  line,  1,367;  and  the 
Mont  Cenis  line,  1,338.  In  America  the  high- 
est lines  are  the  North  Pacific,  which  at  its 
most  elevated  point  is  1,652  meters  above  the 
level  of  the  ocean;  the  Central  Pacific,  2,140; 
and  the  Union  Pacific,  2,513  meters.  The  high- 
est point  of  the  railway  over  the  Andes  is  4,769 
meters  above  the  sea  level. 

IT  is  stated  that  the  electric  light  is  already  in 
use  on  the  Crown  Prince  Rudolph  Rail- 
way in  Austria  as  a  headlight.  The  apparatus 
used  consists  of  what  is  known  as  Schukert's 
dynamo-electric  machine,  a  small  three-cylinder 
steam  engine  and  an  electric  lamp.  It  takes 
very  little  room  on  the  locomotive,  and  is  said 
to  answer  the  purpose  perfectly.  On  another 
Austrian  road,  the  Emperor  Ferdinand  North- 
ern, the  electric  light  is  carried  on  a  car,  or 
even  removed  from  the  car  and  set  up  at  a  sta- 
tion or  other  place — as  the  scene  of  an  acci- 
dent, or  place  of  taking  on  or  discharging 
troops  in  campaigns  where  there  is  no  station, 
&c.  The  apparatus  is  the  invention  of  Marcus 
and  Eggar,  of  Vienna. 
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FLOODING       THE       SAHARA. — The       French 
Bcheme  of  turning  part  of  the  Algerian 

Sahara  into  an  inland  sea  continues  to  attract 
considerable  attention  in  France  and  scarcely 

a  week  passes  without  some  allusion  being 
made  to  it  in  the  Paris  Academy.  At  a  recent 
sitting  M.  de  Lesiseps  read  a  letter  from  ('apt. 
Roudaire,  in  which  the  latter  gave  some  details 
of  the  results  of  his  sounding  of  the  soil  at 
various  points,  sands  and  marls  being  the  beds 
most  commonly  met  with.  At  one  place,  four 
meters  below  the  surface,  plenty  of  potable 
water  was  met  with,  which  will  be  a  great  sav- 
ing in  carrying  on  the  work. 

At  the  same  sitting  MM.  Oh.  Martens  and 
Ed.  Desor  presented  several  considerations 
against  carrying  out  the  plan,  their  opposition 
to  it  being  shared  by  several  other  French  men 
of  science.  They  have  themselves  examined 
part  of  the  ground  which  it  is  proposed  to  put 
under  water,  so  that  their  opinions  ought  to 
have  some  weight.  While  giving  every  credit 
to  M.  Roudaire  for  the  accuracy  of  the  survey 
which  he  is  carrying  out,  they,  however,  point 
out  the  difficulty  of  perfect  acuracy,  which  in 
this  case  is  all  important,  in  the  classic  country 
of  mirage,  where  the  surface  of  the  ground  is 
constantly  altered  and  deformed  by  reflection 
snd  refraction.  Moreover,  they  point  out  that 
to  the  south  of  the  projected  sea  is  the  Wed- 
Souf,  where  are  ripened  the  dates  known  as 
Tunis  dates,  the  culture  of  which  is  a  very 
special  one.  The  least  error  in  surveying,  it  is 
shown,  might  lead  to  the  destruction  of  this 
culture,  by  allowing  the  waters  of  the  Mediter- 
ranean to  penetrate  the  soil  where  the  date 
trees  are  grown,  and  thus  destroy  them.  The 
authors  do  not  attempt  to  touch  the  argument 
that  even  in  historical  times  part  of  the  Sahara 
now  being  surveyed  was  really  a  great  lake; 
but  they  point  out  that  there  are  proofs  that  in 
prehistoric  times  there  must  have  existed  an  in- 
terior sea,  at  an  epoch  when  the  hydrographi- 
cal  conditions  of  Europe  were  very  different 
from  what  they  are  now.  In  1863,  when  ex- 
ploring the  region  between  the  oases  of  Gue- 
mar  and  the  south  extremity  of  the  Shott  Mebrir, 
they  found  the  gypsum  beds  of  the  plateaux 
ended  in  regular  lines  like  sedimentary  beds, 
and  from  the  soil  they  collected  the  debits  of 
shells  truly  marine,  such  as  Bnccuium  giberru- 
lum,  Lam.,  and  Balanua  inker,  L.  Above  these 
shells,  in  the  sand,  they  found  Ca/rdium  edule, 
better  preserved  than  they  had  ever  seen  it. 
Thus  they  found  fossils  characteristic  of  salt 
water,  and  of  those  which  are  a  mixture  of 
salt  and  sweet.  The  retirement  of  the  waters 
from  the  Sahara  the  authors  attribute  to  the 
elevation  of  the  land,  which  is  even  yet  below 
the  level  of  the  Mediterranean,  and  is  to  a  great 
extent  a  network  of  salt  lagoons. 

It  has  been  said  that  the  creation  of  an  in- 
terior sea,  of  13,280  square  kilometers,  would 
change  the  pluviometric  condition  of  the  coun- 
try, and  even  that  of  the  whole  of  Algeria. 
This  MM.  Martens  and  Desor  regard  as  a  great 
illusion.  Although  the  laws  of  the  general  at- 
mospheric movements  are  little  known,  yet  it 
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Is  admitted  thai  the  Atlantic  is  the  great  reser 

voir  from  which  come  the  vapors  which  are  re 
solved  into  rain  over  the  European  continent, 

They  believe  that  this  is  also  the  case  for 
Africa.  The  Mediterranean  is  really  only  a 
gulf  of  the  Atlantic,  and  they  do  not  believe 
that  an  addition  of  1:5,000  kilometers  will  add 
anything  to  its  climatic  influence.  Long  cal- 
culations have  been  made  as  to  the  quantity 
of  water  that  would  be  evaporated  hv  the  new 
sea;  but  the  authors  point  out  that  the  predomi- 
nating wind  in  the  region  is  north,  and  that  if 
it  were  rendered  either  too  cold  or  too  moist  it 
would  injuriously  affect  the  date-culture  carried 
on  in  the  south.  The  surroundings  of  interior 
seas,  like  the  Caspian  and  Aral,  are  steppes 
noted  for  their  aridity ;  the  shores  of  the  Medi- 
terranean suffer  in  the  same  way  when,  as  last 
year,  the  rains  of  the  north  do  not  extend  to  the 
south.  For  these  reasons  MM.  Martens  and 
Desor  think  it  would  be  a  mistake  to  insist  on 
the  creation  of  the  interior  Saharan  Sea. 

In  a  subsequent  sitting,  however,  it  should 
be  said,  M.  Fave  endeavored  to  show  that  their 
fears  were  groundless,  especially  with  regard  to 
the  accuracy  of  the  survey;  he  thinks  that  the 
work  in  connection  with  the  Suez  Canal  showed 
that  perfect  confidence  may  be  placed  in  the 
methods  of  surveying  adopted. 


ORDNANCE  AND  NAVAL. 

The  Bureau  Veritas  gives  the  number  of 
merchant  vessels  of  all  countries  as 
54,921 ;  of  which  5,897  are  steamers.  The  gross 
tonnage  is  20,283,540,  of  which  steamers  have 
6,173,935.  England  has  18,357  sailing  ships, 
heading  the  list,  and  is  followed  by  America, 
Norway,  Germany,  Italy,  France,  Greece! 
Sweden,  Russia,  Spain,  Holland,  Denmark, 
and  other  countries  having  less  than  1000  each! 
As  to  steamers,  England  has  3, 542 ;  A  merica, 
519;  France,  292;  Germany,  244;  Spain,  214; 
Sweden,  194;  Russia,  156;  'Norway,  135;  Hol- 
land, 113;  Denmark,  101;  Italy,  101,  and  other 
states  less  than  100  each. 

The  Gallia,  the  City  of  Berlin,  and  the  Ger- 
manic are  all  splendid  types  of  merchant 
steamers.  The  Gallia  is  the  latest  addition  to 
the  Cunard  fleet,  which  now  consists  of  46  ves- 
sels, having  an  aggregate  of  84,354  tons  of  gross 
tonnage,  and  12,988  nominal  horse-power. 
She  was  built  in  1878,  by  Messrs.  James  and 
George  Thompson,  of  Glasgow.  Her  gross 
tonnage  is  4,808  tons;  and  she  is  5, :5()0  horse- 
power indicated,  and  700  nominal.  She  ac- 
commodates 300  cabin  and  1,200  Bteerage  pas- 
sengers. Her  principal  dimensions  are  as  fol- 
low: Length  of  keel,  430  feet,  and  over  all,  450 
feet;  breadth  of  beam  and  depth  of  hold  (both 
moulded),  44  feet  and  33  feet  respectively.  She 
is  an  awning-decked  or  four-decked  and  bark- 
rigged  ship,  and  both  her  upper  or  promenade 
deck  and  her  spar  deck  are  of  iron  throughout, 
whilst  the  main  deck  is  of  iron  for  two  thirds 
of  its  length  amidships.  Throughout  the  en- 
gine and  boiler  compartment  up  to  the  lower 
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deck  stringer,  are  deep  web  frames  connected 
by  brackets.     The  engine  seat  is  formed   by 
carrying  the  floors  of  the  ship  up  solid  to  the 
bottom  of  the  sole  plate.   It  is  then  plated  from 
one  side  of  the  ship  to  the  other  with  %th-inch 
plates.    Her  main  coal  bunkers,  which  are  well- 
ventilated,  afford  storage  room  for  1,200  tons 
of  coal,  and  there  is  an  extra  bunker  forward, 
capable  of  holding  500  tons  more,  or  it  can  be 
used  for  cargo  if  required.     There  are  nine  iron 
bulkheads  throughout  the  ship,  and  seven  of 
them  run  up  to  the  spar  deck,  and  are  water- 
tight.    The  general  construction  of  the  Gallia 
is  such  that  she  fulfills  all  the  requirements  of 
the  Admiralty  for  employment  in  war  or  trans- 
port service      She  is  fitted  with  three  distinct 
systems  of  steering  gear;    first,  there  is  Muir 
and  Caldwell's    patent  steam  steering  engine, 
which  is  operated  from  a  wheel   in  a  small 
house  placed  forward  of  the  funnel  and  on  the 
midship  deck-house.     Next  there  is  a  powerful 
hand-steering    gear,     provided     with     double 
wheels,  which  is  placed  in  a  wheel-house  in  the 
after  part  of  the  vessel;  whilst  in  the  third 
place  there  are  arrangements  for  the  use  of 
auxiliary  gear,   in  which  purchase-blocks  are 
employed.     The  engines  of  the  Gallia  are  of 
the  compound  high  and  low  pressure,   direct 
acting,  and    three-cylinder    type.      The    high 
pressure  cylinder  is    63  inches    in    diameter, 
whilst  the  two  low  pressure  cylinders  are  each 
80  inches  in  diameter,  with*  a   5  feet  stroke. 
Steam  is  supplied  to  the  engines  from  eight 
cylindrical  boilers  14  feet  6  inches  in  diameter 
and  9  feet  6  inches  long,  each  boiler  having 
three  furnaces.     The  working  pressure  is  75 
lbs.  per  square  inch.     There  is  an  auxiliary 
boiler  for  working  the  donkey  pumps  and  fire- 
engines.     The  propeller  of  the  Gallia  has  an 
iron  boss  weighing-  about  10  tons,   and  fitted 
with  movable  steel  blades,  the  propeller  weigh- 
ing in  all  about  24  tons.     The  speeds  hitherto 
attained  by  the  Gallia  under  circumstances  of 
adverse  weather  have  ranged  up  to  383  knots 
per  24  hours,  and  she  has  made  the  run  from 
Queenstown  to  New  York  in  7  days  19  hours. 
The   City  of  Berlin  was    built    by  Messrs. 
Caird  &  Co. ,  of  Greenock,  in  1875,  and,  next 
to  the  Great  Eastern,  is  the  largest  merchant 
steamer  afloat.     She  is  5,491  gross  tons,   and 
3,139  tons  net  register.      Her  length  is  489  feet 
keel  and  fore  rake;  depth,  36  feet;   breadth,  45 
feet.     She  has  accommodation  for  220  saloon 
and  1.200  third-class  passengers.     Her  engines 
are  1,000  nominal  horse-power,  and  5,200  indi- 
cated.     They  are  inverted  direct-acting  com- 
pounds, two  cylinders,  low  pressure,  having  a 
diameter    of    120    inches;    high   pressure,    72 
inches;  stroke,  5  feet  6  inches;   steam,  75  lbs.; 
vacuum,  26  inches;  revolutions,  56;  expansion, 
20  inches;   speed,  16  knots.     The  City  of  Ber- 
lin has    made  the  run    from    New    York    to 
Queenstown  (2,830  knots)  in  7  days,  14  hours,  2 
minutes,  being  equal  to  nearly  15%  knots  per 
hour.      She  made    in   one  day's  running  405 
knots,  equal  to  490  statute  miles,  or  an  average 
of  19  statute  miles  per  hour. 

The  Germanic  is  the  latest  addition  to  the 
White  Star  line,  and,  like  her  sister  vessels,  is 
well  known  for  the  remarkable  regularity  of 
her  speed.     She  has  made  the  passage  from 


Queenstown  to  New  York  (Sandy  Hook)  in  7 
days,  11  hours,  37  minutes;  and  from  New 
York  (Sandy  Hook)  to  Queenstown  in  7  days, 
15  hours,  17  minutes.  The  average  speed  per 
hour,  winter  and  summer  across  the  Atlantic, 
is  15)^  knots,  and  the  greatest  day's  run  410 
knots,  or  193^  statute  miles  per  hour  of  24 
hours,  consecutively.  Her  dimensions  are: 
Length,  476  feet  6  inches ;  breadth,  45  feet  2 
inches;  depth,  33  feet  7  inches;  nominal  horse- 
power, 760;  indicated,  5,431.  The  diameter  of 
the  two  high  pressure  cylinders,  each,  is  48 
inches:  two  low  pressmre  cylinders,  each  83 
inches.     The  length  of  stroke  is  5  feet. 
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ANATOMY    FOR    ARTISTS.      By 
shall,    F.  R.   S.      New 
millan  &  Co. 

This  work  is  of  imperial  octavo  size  of  430 
pages,  and  illustrated  by  200  wood-cuts  inter- 
spersed in  the  text. 

The  anatomy  relates  to  the  human  species, 
and  it  is  so  fully  treated  by  text  and  figures, 
that  it  seems  safe  to  affirm  that,  so  far  as  bones 
and  muscles  are  concerned,  a  more  minute 
knowledge  of  structure  and  function  is  here 
presented  for  artists  than  is  usually  insisted 
upon  in  the  case  of  physicians  and  surgeons. 


T 


he  Field  Engineer;  a  handy  book  op 
Practice  in  the  Survey,  Location 
and  Track-work  op  Railroads.  By  Wm. 
Findlay  Shunk,  C.  E.  New  York:  D.  Van 
Nostrand. 

This  is  designed  to  aid  the  young  field  en- 
gineer, whose  technical  training  has  been  of 
limited  amount,  explanations  of  all  field  opera- 
tions are  very  clearly  given,  and  the  theoretical 
discussions  of  the  various  cases  are  presented 
with  exceptional  fullness. 

All  branches  of  railway  surveying  are  treated 
with  the  same  reference  to  the  needs  of  the  in- 
experienced field  worker.  Section  leveling, 
cross-section  work,  curve  locations,  with  many 
methods  of  passing  obstacles,  either  on  tangent, 
or  on  curves,  are  arranged  in  proper  order,  and 
illustrated  by  an  abundance  of  cuts  and  by 
hypothetical  cases. 

Besides  all  the  common  tables  of  the  en- 
gineers' table  book,  some  useful,  but  unusual, 
ones  'are  also  added;  one  of  chords,  versed 
sines  and  external  secants  will  prove  especially 
acceptable  to  many  engineers. 


P 


ron  Bridges  and  Roofs.  By  August  Rit- 
ter.  Translated  from  the  German - 
By  H.  R.  Sankey,  of  the  Royal  Engi- 
neers.    London:  E.  &  F.  N.  Spon. 

Ritter's  method  has  long  been  a  favorite  one 
with  many  engineers,  and  a  familiar  one  to 
nearly  all  who  have  had  occasion  to  employ 
different  methods  of  analysis  in  the  investiga- 
tion of  strains  of  bridges  and  roofs.  The  gene- 
ral method  which  is  denominated  Ritter's  is 
easily  acquired,  and  many  students  can  apply  it 
who  have  never  read  Ritter's  treatise.  The  few, 
comparatively   speaking,   who  had   read    the 
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German  book,  had  diffused  a  knowledge  of  this 
decant  method  so  generally,  that  nearly  all 
who  cared  to  know  it  had  acquired  it. 

It  has  thus  happened  that  for  a  number  of 
years  the  book  has  been  in  use  in  this  country 
but  only  in  the  German. 

Its  English  dress  in  which  it  now  appears 
for  the  first  time  is  quite  an  elegant  one,  the 
typography  and  cuts  being  excellent. 

ELEMENTS    OF    THE    DIFFERENTIAL    CALCU- 
LUS, WITH  EXAMPLES  AND  APPLICATIONS. 

By  W.  E.  Byerly,  Ph.D.  Boston;  Ginn  & 
Heath. 

This  is  the  work  of  a  practical  teacher,  and 
is  the  outcome  of  his  experiences  in  his  profes- 
sional work  at  Cornell  and  Harvard  Universities. 

The  peculiarities  of  the  work  as  set  forth  in 
the  preface  are,  the  vigorous  use  of  the 
Doctrine  of  Limits,  as  a  foundation  of  the  sub- 
ject, and  as  preliminary  to  the  adoption  of  the 
more  direct  and  practically  convenient  infinit- 
esimal notation  and  nomenclature;  the  early 
introduction  of  a  few  simple  formulas  and 
methods  for  integrating;  a  rather  elaborate 
treatment  of  the  use  of  infinitesimals  in  pure 
geometry;  and  the  introduction  throughout  of 
numerous  applications  to  practical  problems  in 
geometry  and  mechanics. 

Notes   on     Railroad     Accidents.      By 
Charles  Francis   Adams,   Jr.      New 
York :  G.  P.  Putnam's  Sons. 

To  learn  how  deeply  interesting  such  an  un- 
promising subject  can  be  made,  it  is  necessary 
to  begin  this  book.     Finishing  it  soon  follows. 

The  reader  is  no  less  absorbed  by  the  brief 
narrations  of  the  book  than  by  the  philosophi- 
cal comments  upon  the  cause  and  cure  of  each 
particular  class  of  accidents. 

The  book  is  in  every  sense  an  instructive 
one,  and  the  author  will  have  stimulated  by 
this  intensely  interesting  essay,  inventive 
powers  which  neither  disaster  nor  dry  statistics 
could  excite  to  action  in  the  desired  direction. 

The  concluding  paragraph  of  the  book  will 
exhibit  the  style  and  spirit  of  the  work : 

"After  all,  as  was  said  in  the  beginning  of 
the  present  volume,  it  is  not  the  danger  but  the 
safety  of  the  railroad  which  should  excite  our 
special  wonder.  If  any  one  doubts  this,  it  is 
very  easy  to  satisfy  himself  of  the  fact — that 
is,  if  by  nature  he  is  gifted  with  the  slightest 
spark  of  imagination.  It  is  but  necessary  to 
stand  once  on  the  platform  of  a  way-station 
and  to  look  at  an  express  train  dashing  by. 
There  are  few  sights  finer;  few  better  calcula- 
ted to  quicken  the  pulse.  It  is  most  striking 
at  night.  The  glare  of  the  headlight,  the  rush 
and  throb  of  the  locomotive — the  connecting 
rod  and  driving  wheels  of  which  seem  instinct 
with  nervous  life— the  flashing  lamps  in  the 
cars,  and  the  final  whirl  of  dust  in  which  the  red 
tail-lights  vanish  almost  as  soon  as  they  are 
seen — all  this  is  well  calculated  to  excite  our 
admiration;  but  the  special  and  unending 
cause  for  wonder  is  how,  in  case  of  accident, 
anything  whatever  is  left  of  the  train.  As  it 
plunges  into  the  darkness  it  would  seem  to  be 
inevitable  that   something   must  happen,  and 


that,  whatever  happens,  it  must  necessarily  in- 
volve both  the  train  and   every  one   in  it    in 
utter  and  irremediable  destruction.     Here  is  a 
body,  weighing    in  the  neighborhood  of  two 
hundred   tons,  moving    over  the   face   of    the 
earth  at  a  speed  of  sixty  feet  a  second  and  held 
to  its  course  only  by  two  slender  lines  of  iron 
rails;  and  yet   it   is  safe!     We  have  seen  how 
when,  half  a  century  ago,  the  possibility  of 
something  remotely    like    this  was  first    dis- 
cussed, a  writer  in  the  British  Quarterly  earned 
for  himself  a  lasting  fame  by  using  the  ex- 
pression that  '  We  should  as  soon  expect  peo- 
ple to  suffer  themselves  to  be  fired  off  upon  one 
of  Congreve's  ricochet  rockets,  as  to  trust  them- 
selves to  the  mercy  of  such  a  machine,  going 
at  such  a  rate;'     while  Lord  Brougham   ex- 
claimed that    '  the  folly  of  seven  hundred  peo- 
ple going  fifteen  miles  an  hour,  in  six  trains, 
exceeds  belief.'     At  the  time  they  wrote,  the 
chances  were   ninety-nine  in  a    hundred  that 
both  reviewer  and  correspondent  were  right; 
and  yet,  because  reality,  not  for  the  first  nor 
the  last  time,  saw  fit  to  outstrip  the  wildest 
flights  of  imagination,  the  former  at  least  blun- 
dered, by  being  prudent,  into  an  immortality 
of  ridicule.     The  thing,  however,  is  still  none 
the  less  a  miracle  because  it  is  with  us  a  matter 
of  daily  observation.     That,  indeed,  is  the  most 
miraculous  part  of  it.     At  all  hours  of  the  day 
and  of  the  night,  during  every  season  of  the 
year,   this  movement   is  going  on.     It   never 
wholly  stops.     It  depends  for  its  even  action 
on  every  conceivable  contingency,   from  the 
disciplined  vigilance  of  thousands  of  employes 
to  the  condition  of  the  atmosphere,  the  heat  of 
an  axle,  or  the  strength  of  a  nail.     The  vast 
machine  is  in  constant  motion,   and   the   de- 
rangement of  a  single  one  of  a  myriad  of  condi- 
tions may  at  any  moment  occasion  one  of  those 
inequalities  of  movement  which  are  known  as 
accidents.     Yet  at  the  end  of  the  year,  of  the 
hundreds  of  millions  of  passengers  fewer  have 
lost  their  lives  through  these  accidents  than 
have  been  murdered  in  cold  blood.     Not  with- 
out reason,  therefore,  has  it  been  asserted  that, 
viewing  at  once  the  speed,  the  certainty,  and 
the  safety  with  which  the  intricate  movement 
of  modern  life  is  carried  on,  there  is  no  more 
creditable  monument  to  human   care,    human 
skill,  and  human  foresight  than  the  statistics  of 
railroad  accidents." 


MISCELLANEOUS. 

An  extensive  district  of  tin  ore  is  reported 
to  have  been  found  some  fifty  odd  miles 
south-east  from  Sonora,  in  Mexico.  The  largest 
ledge  will  average  about  twelve  feet  wide,  and 
has  been  traced  half  a  mile.  Assays  made  at 
Tucson  by  Professor  Richard  give  65.5  percent, 
of  tin.  These  ledges  have  been  detected  over  a 
district  of  five  miles,  about  thirty  miles  from 
the  Gulf  of  California. 

C Chicago  has  a  very  efficient  drainge  system. 
J  It  may  prove  useful  to  some  of  our  readers 
to  know  that  the  following  minimum  inclina- 
tions were  given  to  the  sewers,  which  produce 
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a  velocity  of  about  2ft.  per  second  when 
running  half  full;— From  6ft.  to  4ft.,  1  in 2500  ; 
33^ft.,  1  in  2000  :  3ft.,  1  in  1666  :2^ft.,  1  in 
1250  ;  2ft  ,  in  1000  ;  lj£ft.  and  1ft.,  1  in  500.  In 
places  where  greater  inclinations  could  be  had, 
they  were  given. 

One  of  the  silk  manufacturing  firms  of 
Lyons,  France,  are  introducing  the  pro- 
duction of  photographic  impressions  on  stuffs. 
They  sent  to  a  recent  meeting  of  the  Photogra- 
phic Society  several  pieces  of  silk  with  a  variety 
of  photographic  pictures  printed  thereon,  in- 
cluding, among  others,  a  number  of  large 
medallions  representing  pictures  of  the  old 
masters.  The  length  of  the  specimens  thus 
exhibited  is  stated  as  being  no  less  than  13ft. 
The  process  by  which  they  are  produced  is  not 
given,  but  it  is  believed,  says  the  Commercial 
Bulletin,  that  the  prints  are  made  with  salts  of 
silver.  What  will  be  the  next  possible  thing  in 
woven  fabrics  ? 

Very  numerous  alloys  resembling  gold 
and  silver  have  been  patented.  The  last 
which  have  came  to  our  knowledge  are  the 
following:  —Gold  alloy;  800  parts  of  copper,  28 
of  platinum,  and  20  of  tungestic  acid  are  melted 
in  a  crucible  under  a  flux,  and  the  melted  mass 
poured  out  into  alkaline  water,  so  as  to  granu 
late  it.  It  is  then  melted  together  with  170 
parts  of  gold.  Silver  alloy ;  65  parts  of  iron  and 
4  parts  of  tungsten  are  melted  together  and 
granulated;  also  23  parts  of  nickel,  5  of 
aluminum,  and  5  of  copper,  in  a  separate 
crucible,  to  which  is  added  a  piece  of  sodium, 
in  order  to  prevent  oxidation.  The  two  granu- 
lated alloys  are  then  melted  together.  Both 
alloys  resist  the  action  of  sulphuretted  hydrogen. 

^^HE  United  States  now  make  about  as 
.  much  pig  iron  as  Great  Britain  did  in  1850. 
The  increase  in  the  make  of  pig  iron  in  America 
from  1850  to  1878  has  averaged  62,071  tons  per 
year— equal  to  the  production  of  two  blast 
furnaces.  At  this  rate  of  increase  it  would 
require  over  sixty-four  years  for  the  States  to 
attain  the  output  of  Great  Britain  last  year. 
American  imports  of  rails  from  Great  Britain 
are  rapidly  increasing,  having  been  7738  tons 
the  first  six  months  of  this  year,  against  464  in 
the  first  half  of  la,at  year  and  2505  in  the 
corresponding  part  of  1877.  Of  the  7738 
tons — imported  this  year  only  301  tons  were  iron 
rails,  the  remainder— 7437  tons— being  steel. 
This  is  exclusive  of  Vanderbilt's  12,000  tons 
which  have  not  been  shipped  up  to  the  end  of 
June. 


Adelaide  Port  Dock.— The  directors  of  the 
Adelaide  Port  Dock  Company  have  let 
a  contract  for  the  construction  of  a  swing  bridge 
at  the  dock  entrance,  to  an  American  Iron 
Company.  The  general  design  of  the  structure 
is  on  the  American  pattern,  showing  great 
depth  of  truss,  securely  braced  at  top  and  bot- 
tom, and  with  the  main  ties  and  struts  attached 
to  the  chords  by  means  of  steel  pins.  The 
bridge  is  to  be  entirely  of  iron,  with  the  excep- 


tion of  the  floor  beams  and  roadway,  which  are 
to  be  of  wood.  The  bridge  is  to  swing  on  a 
center  pivot  at  the  south  side  of  the  dock  en- 
trance, with  a  long  arm,  84  ft,  in  length,  cross- 
ing the  canal,  and  a  short  arm,  43  ft.  long,  and 
loaded  with  60  tons  of  counterweight  to  bal- 
ance. The  turning  machinery  is  to  be  on  Sel- 
ler's pattern,  with  a  ring  of  conical  steel  rollers 
revolving  on  steel  plates,  and  an  outer  circle  of 
wheels  for  steadying  purposes.  These  turn- 
tables are  effective,  and  it  is  specified  in  this 
instance  that  two  men  working  hand-levers  shall 
be  able  to  open  the  bridge  easily,  a  pretty  good 
test,  considering  that  the  weight  of  the  struct- 
ure will  be  close  on  200  tons.  The  principal 
dimensions  are:  Length  on  centre  line,  127 
ft. ;  width,  30  ft. ;  height  of  truss  above  road- 
way, 16  ft.  The  bridge  will  be  strong  enough 
to  carry  a  railway.  The  cost  of  the  iron-work, 
including  erection  in  place  and  painting,  is 
2650£. ,  and  the  total  cost  of  the  whole  bridge, 
with  foundation,  is  estimated  at  under  3500Z. 
The  engineer  for  the  dock  company  is  Mr.  G. 
Chamier,  C.E.,  and  the  contractor  is  Mr.  Bates, 
for  the  Edge  Moor  Iron  Company,  Delaware, 
United  States.  The  dock  excavation  is  being 
proceeded  with  rapidly,  and  already  considera- 
bly more  than  half  the  total  amount  of  earth- 
work has  been  taken  out.  The  land  piles  have 
been  driven,  and  a  large  amount  of  the  jarrah 
timber  for  the  wharves  has  arrived,,  so  that  a 
start  for  the  principal  timber  work  is  expected 
shortly.  The  most  fortunate  circumstance  in 
connection  with  this  contract  has  been  the  dry- 
ness of  the  excavation.  Judging  from  trial 
holes,  and  from  the  indications  at  various  pits, 
it  was  pretty  generally  supposed  that  the  work 
of  pumping  the  dock  basin  dry  would  be  some- 
what alarming.  To  Mr.  Hickson,  the  South 
Australian  Government  Engineer  of  Harbors 
and  Jetties,  is  due  the  credit  of  having  pre- 
dicted otherwise,  for  he  reported  that  the 
ground  would  be  excavated  dry,  although  that 
opinion  was  not  shared  by  mest  people.  As  a 
fact,  the  excavation  has  been  surprisingly  dry. 

ri^HE  owners  of  the  Great  Eastern  have,  it  is 
J_  stated,  at  last  determined  to  adopt  a  sug- 
gestion that  has  been  frequently  made,  and  are 
about  to  convert  the  great  ship  into  a  meat- 
carrying  trader  between  London  and  Texas. 
The  requisite  alterations,  which  include  new 
boilers,  will  involve  an  expenditure  of  about 
£100,000;  but,  as  the  vessel  can  carry  2000 
head  of  cattle,  or  36,000  sheep,  the  speculation 
should  prove  remunerative. 


The  United  States  Consul  in  Birmingham 
has  just  made  known  that  a  circular  has 
been  issued  by  the  Government  of  the  United 
States  of  importance  to  shippers.  The  consul 
states  that  it  is  the  intention  of  the  Treasury 
Department  to  require  the  insertion  in  invoices 
of  a  clause  showing  that  the  invoiced  prices  in- 
clude the  charges  for  packing,  shipping,  &c, 
only  when  such  is  actually  the  case ;  and  when 
the  invoice  does  not  properly  include  these 
charges,  a  specification  in  detail  of  the  charges 
is  to  be  given  in  the  invoice  in  all  cases. 
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